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PART ONE 


Rheumatoid arthritis overview 



Classification of 
rheumatoid arthritis 


Daniel Aletaha 


Rheumatoid arthritis (RA) is a chronic inflammatory disease that affects 
approximately 1% of the adult population [1]. Although there is no cure, 
patients may reach a state of remission, which has become an achievable 
goal with optimal early treatment. Early intervention in particular has 
made RA a less disabling disease and if treatment is instituted right from 
the onset, no functional impairment may occur and structural integrity may 
be preserved (Figures 1.1 and 1.2) [2]. Over the past decade, early intensive 
treatment has also been proven to change the course of later RA [2,3], and 
therefore, the treatment goal should be to treat RA early and persistently 
until remission is present [4,5]. 

The challenge of treating early RA is the fact that new-onset arthritis 
often resolves spontaneously and persistent arthritis has many differen- 
tial diagnoses to be considered in addition to RA, or may even remain 
undifferentiated (Figure 1.3). Diagnostic algorithms have been suggested 
for new-onset arthritis, as there is minimal work-up needed to label the 
presentation as undifferentiated (Figure 1.4) [6]. Algorithms also help with 
the exclusion of trauma, gout, and septic arthritis; suspicion of one of the 
latter two requires joint fluid aspiration, which usually gives immediate 
diagnostic clues (Figure 1.5). 

In the early treatment of RA, there are many hurdles that can cause a 
substantial delay in beginning treatment, including delays in patient pre- 
sentation, physician referral, or diagnosis (Figure 1.6) [7]. In most clinical 
settings, a diagnosis will need to be established before medication can be 
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instituted, including liability considerations with the use of off-label drugs. Because diagnos- 
tic criteria are not available, the diagnosis will have to be established by the rheumatologist, 
although he or she may decide to use a formal classification system as a basis (Figure 1.7). 

The 2010 American College of Rheumatology (ACR)/European League Against 
Rheumatism (EULAR) classification criteria were developed in a three-stage process (Tables 
1.1 andl.2; Figures 1.8 to 1.10) to replace existing criteria, which were deemed out of date [8,9]. 
The 2010 ACR/EULAR criteria comprise a scoring system that considers the number and 
distribution of the affected joints, serology, duration of symptoms, and acute phase reactants 
(Table 1.3) [10]. They may be applied to patients with clinical arthritis, in whom another disease 
can be reasonably excluded (Figure 1.11), and maybe applied prospectively or retrospectively 
(Figure 1.12). In addition to the direct scoring system, a tree algorithm has also been provided, 
the result of which is identical to the scoring system (Figure 1.13) [10]. Because the new cri- 
teria do not factor in joint erosion, which is now considered more a preventable outcome of 
RA rather than a classification marker, additional rules have been defined for patients who 
present with available X-rays of their hands and feet (Figure 1.14). 

In summary, making a correct diagnosis of RA (especially early RA) remains a challenge. 
Because there are a large number of differential diagnoses, and the presentation of RA may 
be considerably heterogeneous, no formal criteria can replace the judgment and experience 
of the rheumatologist in the diagnostic setting. Nevertheless, classification criteria may help 
to guide the rheumatologist in the difficult task of establishing a diagnosis. This will allow 
early institution of adequate therapy and, hopefully, help to reduce the impact of this very 
prevalent disease on patient function and health-related quality of life. 


2 Classification of rheumatoid arthritis 




Figure 1.1 Why is early classification of rheumatoid arthritis needed? Over time, structural damage increases 
and physical function declines if rheumatoid arthritis (RA) is not treated effectively. While institution of therapy 
in late RA can improve function to only a very small extent, earlier treatment has the potential to stabilize physical 
function before permanent disability occurs. 
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Figure 1.2 The importance of starting rheumatoid arthritis therapy very early. Even short delays in treatment 
initiation in patients with rheumatoid arthritis (RA) can lead to a considerable increase in structural damage over 
the course of 3 years. The yellow line shows that progression in Larson radiographic scores is already substantial in 
patients receiving early treatment initiation (ie, with a median symptom duration of only 12 months). In very early 
treatment initiation (ie, with a median symptom duration of 3 months, as represented by the course of the green 
line), the slope of progression is flattened and after 3 years, these patients did not reach the degree of structural 
damage that the early treatment initiation group already had at baseline despite only a 9-month delay in treatment. 
Adapted with permission from Nell et al [2] ©Oxford University Press. 
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New-onset arthritis 


Only time will 
allow to make this 
distinction 

Persistent Self-limiting 




After reasonable work- 
up, this distinction can 
be made 

Specific Undifferentiated 

diagnosis arthritis 

(eg, RA) 



Figure 1.3 From symptom to diagnosis: rheumatoid arthritis. New-onset arthritis can have numerous causes. 
Only time will allow for a distinction between a self- limiting and a persistent disease. A reasonable clinical work- 
up needs to be done to be able to label arthritis as ‘undifferentiated,’ if a specific diagnosis cannot be established 
otherwise. RA, rheumatoid arthritis. 


4 ( 




At least one swollen joint 

Full history and physical exam 

Investigate and treat 

Diagnosis 
confirmed 

Perform arthrocentesis Treat 

Non-diagnostic 


UPIA 


+ 

Specific diagnosis 


Self- 

limiting 


One joint 
Top considerations: 

- Axial and peripheral SpA 

- Osteoarthritis 

- Crystal-related arthritis 

- Infectious 

- Rheumatoid arthritis 
Other considerations: 

- Avascular necrosis 

- Connective tissue disease 

- Sarcoidosis 

- Malignancy 

- Viral 

- Lyme disease 

- Endocrinological 

- Polymyalgia rheumatica 

- Adult-onset Still’s Disease 

- Vasculitis 


More than one joint 
Top considerations: 

- Rheumatoid arthritis 

- Connective tissue disease 

- Axial and peripheral SpA 

- Crystal-related arthritis 

- Osteoarthritis 
Other considerations: 

- Avascular necrosis 

- Sarcoidosis 

- Malignancy 

- Infectious 

- Viral 

- Lyme disease 

- Endocrinological 

- Polymyalgia rheumatica 

- Adult-onset Still’s Disease 

- Vasculitis 


Consider revisiting 
diagnosis and 
obtaining additional 
investigations 
periodically or if new 
features or worsing of 
clinical condition 


Is there a history of trauma? 

+ 


- 



Is there a suspicion of infection or crystals? 

Are there any other features in the clinical 
presentation, laboratory investigations and imaging? 

+ 

Is there a specific diagnosis? 


Figure 1.4 Flowchart for establishing a specific diagnosis in new onset arthritis in at least one swollen joint. 

Starting point in rheumatoid arthritis diagnosis is a full health history and physical examination. After exclusion of 
trauma and acute inflammatory events, a specific diagnosis may be established in the presence of suggestive clini- 
cal, laboratory, or imaging features, where the differential diagnoses vary according to the number of swollen joints 
involved. If no specific diagnosis can be established, the presentation maybe labeled as ‘undifferentiated arthritis’ (or 
undifferentiated peripheral inflammatory arthritis). This status needs to be re-evaluated periodically, as undifferenti- 
ated arthritis may evolve into a specific diagnosis over time. SpA, spondylo arthritis; UPIA, undifferentiated peripheral 
inflammatory arthritis. Adapted with permission from Hazelwood et al [6] ©Journal of Rheumatology. 
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Figure 1.5 Microscopic synovial fluid analysis. Left panel: Crystal arthritis - evidence of intracellular needle 
shaped crystals (white arrows). Right panel: Septic arthritis showing positive Gram stain of cocci ( Staphylococcus 
aureus ) in typical formation (black arrow). Photo courtesy of Professor Stefan Winkler, Division of Infectious 
Diseases, Medical University Vienna, Austria. 


First presentation to medical system Diagnosis 


Onset of disease 


Time 

t 


Onset of symptoms 

T 


Referral to the 
rheumatologist 



n . . . Public 

Screenmg/prevention 

Referral 

awareness 

guidance 

campaigns 



Diagnostic 

criteria 


Therapy 


Figure 1.6 Limiting factors of early treatment. Several types of delays can occur in the course of arthritis diag- 
nosis and treatment. First, there can be a delay between disease onset and the onset of symptoms, where screening 
methods (in the future) maybe able to elicit preventive means. It takes varying periods of time until patients present 
symptoms to a medical professional, usually to a general practitioner (GP), who then may take some time before 
referring a patient to a rheumatologist. Greater public awareness can shorten the former, and referral guidance may 
be provided to GPs to shorten the latter. It may also take time until the rheumatologist has established a diagnosis. 
Unfortunately, no diagnostic criteria are available for rheumatoid arthritis, and this will likely not change in the 
future due to the complex nature of the disease. Therefore, classification criteria are often used to inform the clinical 
diagnosis, although their purpose is different. Adapted with permission from Aletaha and Huizinga [7] ©Elsevier. 


6 Classification of rheumatoid arthritis 





Classification for studies Clinical diagnosis 



Target population Target population 

Usually well-defined, smaller Less well-defined, larger 


Figure 1.7 Differences between classification and diagnosis of disease. Classification criteria are developed 
for the purpose of identifying a homogeneous group of individuals for enrollment in clinical studies (eg, trials, 
observational studies, surveys). Individuals tested with classification criteria are usually well-defined. In contrast, 
a diagnosis has to be established by the rheumatologist and criteria are missing for most diseases. The target popu- 
lation for diagnosis is much wider and much more heterogeneous. Diagnostic criteria would need to be tested in 
various clinical settings (to patient groups with different background probabilities of disease) to understand their 
specific interpretation. Clinicians may adopt classification criteria to inform their diagnosis, but they will need 
to be aware that a classification incorporates the risk of a false-positive or false- negative, and relates to a specific 
(predefined) target population. In several instances, the result of the classification criteria will thus need to be 
overruled by the clinician. 
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Factor 

Loading variables 

Theme 

Represented by 

1 

SJC,MCP sw ,MCP sw . Sjm 

'MCP involvement' 

MCP swelling (SW) 

2 

Wrists Wrist TD , Wrist sw . sym 

'Wrist involvement' 

Wrist swelling 

3 

Tender joint count, MCP TD , PIP TD 

'Hand/finger tenderness' 

PIP or MCP or wrist 
tenderness (TD) 

4 

CRP, ESR 

'Acute phase response' 

Abnormal CRP or 
abnormal ESR 

5 

PIP PIP 

rir SW’ rir TD 

'PIP involvement' 

PIP swelling 

6 

ACPA-positive, RF-positive 

'Serology' 

Positive for ACPA or RF 


Table 1.1 Results of the data-driven Phase 1 of the American College of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) classification criteria: identifying variables important for classifi- 
cation of rheumatoid arthritis. After univariate analysis of candidate variables for prediction of methotrexate 
initiation, six predicting factors were determined by using principal component analysis (metacarpophalangeal 
joint involvement, wrist involvement, tenderness of the hand, acute phase response, proximal interphalangeal joint 
involvement, serology). Based on the loading of individual variables on these factors, each factor was attributed a 
theme. Subsequently, the most representative variable for each factor (and the most feasible) was then selected for 
further analysis in a multivariate model. ACPA, antibodies against citrullinated peptides; CRP, C-reactive protein; 
ESR, erythrocyte sedimentation rate; MCP, metacarpophalangeal; PIP, proximal interphalangeal; RF, rheumatoid 
factor. Adapted with permission from Funovits et al [8] ©BMJ. 
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Representing 

variable 

Comparison 

P-value 

OR (95% Cl) 

Weight 

Swollen MCP 

Present vs. absent 

0.003 

1.46 (1.14 to 1.88) 

1.5 

Swollen PIP 

Present vs. absent 

0.001 

1.51 (1.19 to 1.91) 

1.5 

Swollen wrist 

Present vs. absent 

<0.001 

1.61 (1.28 to 2.02) 

1.5 

Hand tenderness 

Present vs. absent 

<0.001 

1.80 (1.33 to 2.44) 

2 

Acute phase 

Moderate vs. normal 

0.172 

1.24 (0.91 to 1.70) 

1 


High vs. normal 

0.001 

1.68 (1.23 to 2.28) 

2 

Serology 

Moderate vs. normal 

<0.001 

2.22 (1.81 to 3.28) 

2 


High vs. normal 

<0.001 

3.85 (2.96 to 5.00) 

4 


Table 1.2 Results of the data driven phase 1 of the American College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) classification project: analysis of independent contributions of important vari- 
ables. The six variables representing each of the themes identified through univariate analysis and variable loading 
(metacarpophalangeal joint involvement, MCP, wrist involvement, tenderness of the hand, acute phase response, 
proximal interphalangeal joint involvement, PIP, serology) were tested in the depicted multivariate logistic regres- 
sion model, using methotrexate treatment at 1 year after presentation as the reference standard. The odds ratios 
(ORs), refer to the independent contribution to the risk of methotrexate treatment, and the weight is based on the 
respective odds ratios estimated by the model. Adapted with permission from Funovits et al [8] . 
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Phase 1 

Data analysis 


Phase 2 

Consensus process 




Predictors of MTX 

initiation 


Determinants of high/ 
low probability of RA 


Phase 3 

Synthesis of Phases 1 and 2 


Increase feasibility/simplification 


Final criteria 


Figure 1.8 Schematic of the process to develop new classification criteria for rheumatoid arthritis. The 2010 
American College of Rheumatology (ACR) /European League Against Rheumatism (EULAR) classification criteria 
were derived in a three-stage process. Initially, a data analysis of several early arthritis cohorts, mostly from Europe, 
was used to identify the best predictors for treatment with methotrexate (MTX), which was deemed to be the best 
possible indicator of the physician’s belief that this presentation was developing into the chronic, erosive rheumatoid 
arthritis (RA). During the second phase, a consensus process using conjoint decision analysis took place that fruited 
in the identification of determinants of a high probability of RA from the expert clinicians perspective. The results 
were synthetized in the last phase to increase practical usability and feasibility of the criteria in their application. 


10 Classification of rheumatoid arthritis 



1. Submission of case 
scenarios of early 
arthritis 


Expert panel 




2. Ranking of case 
scenarios 



3. Discussion on reasons 
for discordance among 
physicians 


Positive factors Negative factors 


5. Deriving weights using 
conjoint decision analysis 
(1000 Minds®) 



4. Identifying domains 
and categories amongst 
positive and negative 
factors 


Tentative criteria 


Figure 1.9 Overview of Phase 2 of the American College of Rheumatology (ACR) /European League Against 
Rheumatism (EULAR) classification criteria for rheumatoid arthritis. 1. A panel of 24 international experts 
was established, each of whom submitted a number of case scenarios on early arthritis patients. 2. A selection of 30 
heterogeneous scenarios were then ranked by the experts for their probability of developing rheumatoid arthritis 
(RA). These rankings were very heterogeneous and showed a high level of discordancy across the experts. 3. The 
results were then discussed to understand its reasons and causes for such discrepancy across the experts. This in- 
cluded possible features in the presentation that guided an expert towards choosing a higher probability ('positive 
factors') or lower probability ('negative factors'). 4. Domains were identified for all positive and negative factors, 
and categories were defined within each domain. 5. A computer- assisted decision analysis exercise was performed 
in which each category within each domain was assigned a specific weight, reflecting how strongly it affects the 
probability of developing RA from the perspective of expert clinicians. This led to the tentative criteria in Phase 2, 
which were then used to develop the final criteria set. 
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Figure 1.10 Discordance of expert clinicians in a ranking exercise of arthritis cases by their probability to 
develop rheumatoid arthritis. The vertical axis depicts the rank allocation (1-30) by each of the 24 experts (repre- 
sented by differently colored dots) across the 30 selected case scenarios represented on the horizontal line (ordered 
by their average rank, from left to right; black marks and black connecting line). It can be seen that only in a few 
cases experts had consistent views (ie, left-most and right-most cases). All other cases showed substantial spread 
of rank allocations by different experts. The discussion of the reasons for discordance within these rankings led 
to the identification of important domains for the classification criteria from the clinical perspective. Reproduced 
with permission from Neogi et al [9] ©BMJ. 
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Patient with at least 
one clinically swollen 
joint 


Needs to be clinically 
evident, (eg, synovitis 
by ultrasound orMRI is 
not sufficient) 



Arthritis not 
clearly explained by 
another disease 


Patients with arthritis 


In case of any doubt about 
another disease being 
clearly responsible for the 
presentation, this rule is 
fulfilled and patient may 
be tested 


Patients with arthralgia 


Population at risk (selective screening) 


Population (screening) 


Figure 1.11 The target population for the 2010 American College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) classification criteria for rheumatoid arthritis. The criteria may not be applied 
for population screening of rheumatoid arthritis (RA) or screening of individuals at risk of RA (eg, those with a 
positive family history of RA), nor for individuals with mere arthralgia. The requirements for patients to be tested 
with the criteria are (1) clinically evident arthritis (eg, joint swelling, synovitis); and (2) absence of evidence of 
another entity that clearly better explains the presentation (eg, acute gout attack). 
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Joint distribution (0-5 points) Points 

Joint involvement: 

Any swollen or tender joint (excluding DIP of hand and feet, 1st MTP, 1st CMC) 

Additional evidence from MRI/ultrasound maybe used to identify additonal joints 

• 1 large joint (shoulder, elbow, hip, knee, ankles) 0 

• 2- 10 large joints 1 

• 1-3 small joints (MCP, PIP, MTP 2-5, thumb IP, wrist ); large joints not counted 2 

Does not include: DIP, 1st CMC, 1st MTP 

• 4-10 small joints (large joints not counted) 3 

• < 10 joints (at least one small joint) 5 


Additional joints include: temporomandibular, sternoclavicular, acromioclavicular, and others (as 
reasonably expected in RA) 

Serology (0-3 points) 

Serology: 

Negative: <ULN (for the respective lab) 

Low positive: >ULN but <3xULN 
High positive: >3xULN 

Where RF is only available qualitatively, a positive result should be scored as 'low-positive' for RF 


Negative RF AND negative ACPA 

0 

Low positive RF OR low positive ACPA 

2 

High positive RF OR high positive ACPA 

3 

Symptom duration (0-1 points) 


Symptom duration: 

Refers to the patients self-report on the maximum duration of signs and symptoms of any joint that 
is clinically involved at the time of assessment. 

<6 weeks 0 


>6 weeks 

1 

Acute phase reactants (0-1 points) 

Normal CRP AND ESR 

0 

Abnormal CRP OR abnormal ESR 

1 

Normal/ abnormal ESR/CRP is determined by local laboratory standards 

Score >6 = Classification of RA 

TOTAL: I 


Table 1.3 The 2010 American College of Rheumatology (ACR) /European League Against Rheumatism 
(EULAR) classification criteria for rheumatoid arthritis. A score of 6/10 needs to be achieved from four do- 
mains including: joint activity (0-5 points), serology (0-3 points), symptom duration (0-1 point), and acute phase 
response (0-1 point). ACPA, anti-citrullinated protein/peptide antibodies; CRP, C-reactive protein; DIP, distal 
interphalangeal; ESR, erythrocyte sedimentation rate; MCP, metacarpophalangeal; MTP, metatarsophalangeal; RF, 
rheumatoid factor; ULN, upper limit of normal. Adapted with permission from Aletaha et al [10]©BMJ. 
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Presentation 

Retrospective fulfillment of classification criteria in 
case of available documentation from previous visits 




Presentation 

Prospective fulfillment of classification criteria as new 
information is available 





Figure 1.12 Cumulative fulfillment of the 2010 American College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) classification criteria for rheumatoid arthritis. The criteria maybe fulfilled cu- 
mulatively over time, either retrospectively or prospectively. If a patient presents with a reasonable documentation on 
any of the domains represented in the criteria, then these can be counted towards a classification. Similarly, points in 
the classification system may also be collected over several prospective visits. Even if previous symptoms change, the 
highest score within each domain maybe retained and used. APR, acute phase response; RA, rheumatoid arthritis. 
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1-3 small joints 


No 


Yes 


2-10 large (no small) joints 



Serology: ++ 

. No Yes 

^ a 


Serology: + 


Duration: >6 weeks 



Figure 1.13 Tree algorithm for classification of rheumatoid arthritis (RA; green circles) or to exclude its current 
presence (red circles). The starting point is an eligible patient with clinical synovitis, in whom no other diagnosis 
clearly better explains the presentation. Definitions used in the algorithm are consistent with the scoring system. 
Serology includes rheumatoid factor (RF) or anti-citrullinated protein/peptide antibodies (ACPA); + refers to 
low-positive levels (ie, IU values that are greater than the upper limit of normal [ULN], but <3 xULN for the lab 
and assay) for at least one of them; ++ refers to high-positive values (IU values that are >3 x ULN) for at least one. 
Acute phase response includes erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP); normal/ abnormal 
ESR/CRP are determined by local laboratory standards. Duration refers to patient self-report of the duration of 
signs or symptoms of synovitis (eg, pain, swelling, tenderness) of joints that are clinically involved at the time of 
assessment, regardless of treatment status. CMC, carpometacarpal joint; DIP, distant interphalangeal joint; MCP, 


16 Classification of i 













RA Rheumatoid arthritis 



Serology: ++ 




metacarpophalangeal joint; MTP, metatarsophalangeal joints; PIP, proximal interphalangeal joint. Adapted with 
permission from Aletaha et al [10] ©BMJ. 
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Start 

>1 swollen 
joint, which is 
not best explained Yes 
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No 
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No 
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No 
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No 
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Figure 1.14 Consideration of radiographic evidence of rheumatoid arthritis in the context of the 2010 American 
College of Rheumatology (ACR) /European League Against Rheumatism (EULAR) classification criteria. 

Radiographic damage is not a core criterion of the classification system, as mostly classification takes place at an 
early stage of the disease. In the rare instances where it is clinically suspected that long-standing inactive disease is 
present (eg, by the presence of deformities), and classification has never been attempted, radiographic evidence of 
erosions typical for rheumatoid arthritis (RA) may be used to directly classify patients. The same would apply for 
typical (ie, not long-standing) patients who present with a recent radiograph of their hands. In this situation, the 
information should not be ignored, and in the rare occasions that non-long- standing patients who failed to classify 
the scoring system, show erosive disease typical of RA, a classification would be possible. 
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Pre-rheumatoid arthritis 


Annette HM van der Helm-van Mil, Wouter Stomp, 

Monique Reijnierse, Tom WJ Huizinga 

What is pre-rheumatoid arthritis? 

In recent years, research in the field of rheumatoid arthritis (RA) has 
focused on the earliest stages of disease. Different terminologies for pre- 
clinical and very early clinical disease stages are used; ‘pre-RA’ is one of 
these terms. In order to facilitate communication, a European League 
Against Rheumatism (EULAR) task force has derived recommendations 
for terminology to be used during the preclinical and earliest clinically 
apparent phases of RA. The following phases in the development of RA 
were described (Figure 2.1) [1]: 

• genetic risk factors; 

• environmental risk factors; 

• systemic autoimmunity; 

• symptoms without clinical arthritis; 

• unclassified arthritis (UA); and 
. RA. 

Importantly, not every patient has to experience each stage and the phases 
can be used in a combinatorial manner. For instance, a patient can have 
genetic risk factors, anticyclic citrullinated peptide antibodies (ACPA), 
and arthralgia. In this chapter, the presently available knowledge on these 
specific phases has been summarized. 

Risk factors for rheumatoid arthritis 

Genetic risk factors 

At present, more than 100 genetic risk factors for RA have been identified 
and replicated (Table 2.1). The majority of these risk factors have a moderate 
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minor allele frequency. This indicates that the risk alleles are not rare but are quite commonly 
present in the population. In contrast to the prevalence of these risk factors, the odds ratios 
are relatively small (in the range of 1.1-1. 3). This indicates that carrying a single risk factor 
does not yield a dramatically increased risk of RA. Interestingly, several of the identified genes 
lie on the same pathway. For example, HLA class II histocompatibility antigen DRB1-9 beta 
chain ( HLA-DRB1 ), protein tyrosine phosphatase non-receptor type 22 (PTPN22), signal trans- 
ducer and activator of transcription 4 (STAT4), cluster of differentiation 40 (CD40), cytotoxic 
T-lymphocyte antigen 4 (CTLA4), interleukin (IL) 2, IL21, and protein kinase C theta type 
(PRKCQ) are all involved in T-cell activation, while CD40, CTLA4 , IL 2 , IL21, PRKCQ, PTPN22 , 
STAT4, tumor necrosis factor alpha-induced protein 3 (TNFAIP3), and tumor necrosis factor 
receptor-associated factor 1 ( TRAF1 ) are involved in cell-cycle regulation. 

Importantly, the majority of the genetic risk factors are identified in ACPA-positive RA. It 
is suggested that ACPA-positive and ACPA-negative R A have dissimilar genetic risk factors but 
the heritability of both subgroups is similar (66% and 68%, respectively) [2]. This implies that 
the majority of genetic risk factors for ACPA-negative RA are as yet unidentified. Moreover, in 
ACPA-positive RA, the known risk factors do not explain the total genetic contribution to R A, 
suggesting that other genetic factors play a role as well. Therefore, more current ongoing genetic 
studies focus on rare genetic variants. Although these will be less common, it is expected that 
these variants will have a higher effect size. At the time of writing, no large-scale sequencing 
studies in patients with RA have been published. 

Environmental risk factors 

The known environmental risk factors for RA are summarized in Table 2.2 [3-16]. Given a 
heritability of 66%, up to 34% of the variance may be explained by environmental factors. 
Smoking is the only environmental factor that is widely replicated as a risk factor, particularly 
in persons that carry HLA-DRB1 shared epitope alleles [6]. 

Systemic autoimmunity associated with rheumatoid arthritis 

When examining serum of patients with RA that was collected before their arthritis became 
clinically apparent, a proportion of these patients had detectable rheumatoid factor (RF) or 
ACPA in the years before the development of arthritis (Figure 2.2) and the maturation of this 
auto -antibody response has taken place in the preclinical phase [9]. Similarly, acute phase 
reactants and bone degradation products have been found to be present in the phase before 
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arthritis occurs (Table 2.3) [17-23]. Together these data suggest that in patients with RA, the 
onset of the disease preceded the onset of clinically detectable arthritis. Although these data 
are highly interesting, prospective data are still scarce, leaving the question of what proportion 
of ACPA-positive persons in the general population will develop RA unanswered. 

Symptoms without clinical arthritis 

Symptoms that are specific for developing arthritis have not been explicitly described by the 
EULAR task force. From a clinical perspective, such information would be highly relevant, 
though at present data are scarce on this issue. The majority of existing data originate from 
cohorts in the Netherlands and Sweden [24,25]. In the Dutch cohort, it was observed that 
from a population of patients who were ACPA-positive with arthralgia, 20% developed RA; 
whereas from all patients who were ACPA-positive with symmetric arthralgia of small joints, 
60% developed RA [24]. Because, clinically, there is no local inflammation detectable in this 
phase, the question is whether local subclinical inflammation can be detected in this phase 
using imaging techniques. Ultrasound was performed in the Dutch study; at a patient level, 
there were no significant differences in joint effusion, synovitis, or Power Doppler signals 
between those who did and did not develop RA [25]. In another study, patients who were 
auto -antibody-positive had magnetic resonance imaging (MRI) and an arthroscopic syno- 
vial biopsy on their knee joints, also revealing no subclinical inflammation in the knee [26]. 

A recent study that analyzed MRI images of small joints (extremities) of patients who 
were ACPA-positive with arthralgia found that the degree of synovitis, bone marrow edema, 
and erosions were higher in the patients with arthralgia compared to healthy persons, but 
lower than that of ACPA-positive patients with RA (Figures 2.3 to 2.5). As such, these data 
are in line with those of a study on monkeys showing that subclinical inflammation pre- 
cedes clinical arthritis [27]. This study also showed that, in monkeys, the preclinical phase 
was characterized by synovial tissue infiltration of macrophages and the expression of 
macrophage-derived cytokines. 

Unclassified arthritis 

Knowledge about the processes taking place during the aforementioned preclinical phases is 
at present relatively limited. Much more data are available on the phase of unclassified (also 
called undifferentiated) arthritis (UA); the vast majority of these studies were performed when 
RA was defined according to the 1987 American College of Rheumatology (ACR) criteria. 
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Clinical and serological risk factors for progression to RA are summarized in Table 2.4 and 
relate to the extent of inflammation and the presence of auto-antibodies. 

With regards to imaging, positive findings have been found using ultrasound, digital 
X-ray radiogrammetry (DXR), and MRI (Table 2.5). Ultrasound has a predictive value for 
RA development that is independent of and additive to known serological and clinical risk 
factors for RA [28]. Measuring bone mass density via DXR also seems to be relevant, though 
the present studies on UA are based on rather low patient numbers [29]. Two studies were 
done on the value of extremity MRI in early UA; in both studies, bone marrow edema was 
most predictive for progression to RA (Table 2.5) [28-31]. In regards to MRI, it should be 
noted that it is not completely clear which abnormalities are diagnostic or prognostic, as ero- 
sions and synovitis have also been observed in healthy persons, to some extent (mostly RA 
MRI scoring grade 1). When using MRI, the present data indicate that bone marrow edema 
is most strongly associated with the development of RA (Figures 2.6 to 2.8) and progression 
of RA (Table 2.6) [32-35]. 

With the development of the 2010 ACR/EULAR criteria for RA, not only did the defini- 
tion of RA change, but also the definition of UA. Some patients who were formerly classified 
as UA at first presentation are now identified as having RA when using the 2010 criteria; this 
predominantly concerns ACPA-positive patients with early arthritis. However, the opposite 
also occurs. A proportion of patients who at disease-onset fulfilled the 1987 criteria do not 
fulfill the 2010 criteria; these are generally ACPA-negative patients. Overall, patients with UA 
according to the 2010 criteria have milder baseline characteristics and outcomes than patients 
with UA according to 1987 criteria (Figure 2.9) [31]. Importantly, although the majority of 
patients with UA using 2010 criteria are ACPA-negative, up to 25% of these patients progress to 
RA after 1 year. At present, we do not have adequate predictive tools to identify these patients. 
Whether imaging modalities are helpful in patients with UA is presently under investigation. 


Genetic risk 
factors 


Environmental 
risk factors 


Systemic 

autoimmunity 


Symptoms 
w/o clinical 
arthritis 


Unclassified 

arthritis 


RA 


Figure 2.1 Different phases in the development of rheumatoid arthritis. RA, rheumatoid arthritis. 
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Genetic variant 

Located in/nearby gene(s) 

Locus 

Minor allele frequency 

OR (95%CI) 

HLA-DRB1 shared epitope alleles 

6p21 

0.22 

2.88 (2.73-3.03) 

rs2476601 

PTPN22 

lpl3 

0.10 

1.94(1.81-2.08) 

rs3087243 

CTLA4 

2q33 

0.44 

0.87 (0.83-0.91) 

rsl0499194 

TNFAIP3-OLIG3 

6q23 

0.27 

0.91 (0.87-0.96) 

rs7574865 

STAT4 

2q32 

0.22 

1.16(1.10-1.23) 

rsl0818488 

C5-TRAF1 

9q33 

0.40 

1.45(1.12-1.88) 

rs2 104286 

IL-2RA 

10pl5 

0.24 

0.93 (0.87-0.97) 

rs743777 

IL-2RB 

22ql2 

0.33 

1.11(1.05-1.17) 

rs6822844 

IL-21 

4q27 

0.18 

0.90 (0.84-0.95) 

rs48 10485 

CD40 

20ql3 

0.25 

0.85 (0.80-0.90) 

rs2812378 

CCL21 

9pl3 

0.34 

1.10(1.05-1.16) 

rs3890745 

MMEL 

lp36 

0.33 

0.90 (0.86-0.94) 

rs4750316 

PRKCQ 

10pl5 

0.19 

0.87 (0.82-0.92) 

rsl678542 

KIF5A 

12ql3 

0.38 

0.91 (0.87-0.96) 

rs42041 

CDK6 

7q21 

0.24 

1.08 (NP) 

rsl3031237 

REL 

2pl6 

0.37 

1.13(1.07-1.18) 

rs2736340 

BLK 

8p23 

0.25 

1.12(1.07-1.18) 

rs394581 

TAGAP 

6q25 

0.30 

0.91 (0.87-0.96) 

rs 1980422 

CD28 

2q33 

0.24 

1.12(1.07-1.17) 

rs540386 

TRAF6 

llpl2 

0.14 

0.88 (0.83-0.94) 

rsl0919563 

PTPRC 

lq31 

0.13 

0.88 (0.82-0.94) 

rsl2746613 

FCGR2A 

lq23 

0.12 

1.13(1.06-1.21) 

rs548234 

PRDM1 

6q21 

0.33 

1.10(1.05-1.16) 

rsl 1586238 

CD2/CD58 

lpl3 

0.24 

1.13(1.07-1.19) 

rsl0865035 

AFF3 

2qll 

0.47 

1.12(1.07-1.17) 

rs6859219 

ANKRD55/IL-6ST 

5qll 

0.21 

0.85 (0.78-0.93) 

rs26232 

C5-orf30 

5q21 

0.32 

0.93 (0.88-0.98) 

rs3093023 

CCR6 

6q27 

0.43 

1.11(1.06-1.16) 

rsl0488631 

IRF5 

7q32 

0.11 

1.25(1.14-1.37) 

rsl3315591 

PXK 

3pl4 

0.10 

1.13(1.04-1.23) 

rs874040 

RBJP 

4pl5 

0.30 

1.18(1.12-1.24) 

rs934734 

SPRED2 

2pl4 

0.49 

1.13(1.06-1.21) 

rs951005 

CCL21 

9pl3 

0.16 

0.87 (0.81-0.93) 


Table 2. 1 The first genetic risk factors that were replicated in independent studies and their odds on rheumatoid 
arthritis. Cl, confidence interval; NP, not provided; OR, odds ratio. 
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Risk factor 

Degree of evidence 

Environment 
• Air pollution 

Inconclusive 

• Increased RA risk has been reported [7] 

• Infections 

Inconclusive 

• Indirect evidence by findings of increased rates of onset of RA in 
the winter [4,8] 

• Several microorganisms have shown increased titres of antibodies 
in RA compared to controls, however no single microorganism 
seems responsible for RA- development [9,10] 

Lifestyle factors 
• Smoking 

Established 

• This is the only well established environmental factor for RA [6] 

• Predisposition in HLA-DRB 1 shared epitope-positive persons for 
development of ACPA-positive RA [11] 

• Coffee 

Inconclusive 

• Alcohol 

• Both positive and negative effects have been observed 

Inconclusive 

• RA patients report lower intake of alcohol, unclear whether 
alcohol is truly protective [12] 


Hormonal 

• Parity Inconclusive 

• Some studies reported a lower RA risk in parous women [13,14] 

Inconclusive 

• Hormone replacement therapy/ • Some studies reported on a decreased risk of RA [14,15] 

oral contraceptives Inconclusive 

• Breast feeding • A reduced risk for RA has been observed in women after long- 

term breast feeding [14,16] 

Table 2.2 Environmental risk factors for rheumatoid arthritis. ACPA, anti-citrullinated peptide antibody; RA, 
rheumatoid arthritis. 


Category 

Serologic abnormality 

Inflammation 

• Increased CRP 


• TNF-a levels, several interleukins (ILs) (eg, IL-la, IL- 1 (3, IL-6, IL-10, IL-15) 
are increased 

Auto-antibodies 

• Increased prevalence of rheumatoid factor 

• Increased prevalence of ACPA positivity 

• Maturation of ACPA response 

Metabolism 

• Lower HDLc levels, lower ApoA levels 

• Increased P 1NP and osteoprotegerin levels 

Table 2.3 Reported serological abnormalities in the preclinical phase of (rheumatoid) arthritis. ACPA, anti- 
citrullinated peptide antibody; ApoA, apolipoprotein; CRP, C-reactive protein; HDLc, high density lipoprotein 
cholesterol; P1NP, serum procollagen type 1 amino -terminal propeptide; TNF-a, tumor necrosis factor-alpha. 
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Figure 2.2 Percentage of patients with rheumatoid arthritis and positive for rheumatoid factor or anti- 
citrullinated peptide antibodies in the years before the onset of clinically detectable arthritis. Adapted with 
permission from Nielen et al [19] ©SAGE. 



Figure 2.3 Magnetic resonance images of the left hand in a patient who is positive for anti-citrullinated peptide 
antibodies with arthralgia but without clinically-detectable arthritis. 1 .5T extremity MRI with maximum field of 
view of 16 cm. Shown are the metacarpal bones 1 to 4 and the proximal phalanges, (a) Coronal T2 TSE fat saturation 
(fatsat) and (b, c, d) coronal and axial T1 TSE fatsat after intravenous administration of gadolinium. Some fluid is 
present in the fifth metacarpal phalangeal joint (a; arrows); the lack of enhancement after gadolinium shows there is 
no synovitis. In the head of metacarpal 2, subchondral cysts are appreciated (a), no enhancement is seen (b, c; arrow 
heads). However, on the axial images, the enhancement around the extensor tendons of the second finger is consistent 
with tenosynovitis (d; dotted arrow). In addition on the coronal T2 TSE, partial voluming of fluid, nonenhancing 
after gadolinium in the soft tissues dorsal to the fourth proximal phalanx is seen. 
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Figure 2.4 Magnetic resonance images (MRIs) of the left foot in a patient who is positive for anti-citrullinated 
peptide antibodies with arthralgia but without clinically-detectable arthritis. Axial T1 TSE (a), T2 TSE fat 

saturation (fatsat; b, d), and axial and coronal T1 TSE fatsat with gadolinium (c, e, f) of the forefoot on 1.5T ex- 
tremity MRI. Intact cortical bone of the metatarsal phalangeal (MTP) joints on T1 TSE image (a). The high signal 
intensity on T2 TSE in the MTP joints (b), enhances after gadolinium (c) and is consistent with synovitis. This is 
well visualized on the coronal T1 TSE fatsat images with gadolinium at the level of the MTP 2 and 3 (c; arrows). 
The MTP 5 joint shows high signal intensity on (d) axial T2, and enhancement on (e) axial and (f) coronal T1 TSE 
fatsat (arrows), also consistent with synovitis. 



Figure 2.5 Magnetic resonance images (MRIs) of the left wrist with synovitis in a patient who is positive for 
anti-citrullinated peptide antibodies with arthralgia but without clinically-detectable arthritis. Coronal T1 
TSE (a), T2-TSE fatsat (b) and T1 TSE fatsat with gadolinium, coronal (c), and axial (d) at the level of the distal 
radial ulnar joint and the carpal tunnel (e). The T2 images show some movement artefacts. Synovial thickening 
surrounding the distal ulna with irregularity of the triangular fibro cartilage, the signal intensity is intermediate on 
Tl, inhomogeneous increased on T2, showing enhancement after intravenous gadolinium (d, e; arrow). Appreciate 
the cortical irregularity of the scaphoid and lunate (a, b) with enhancing synovium (c; dotted arrows). The radial 
styloid shows cortical irregularity as well (a, c). The axial image at the level of the distal carpal tunnel (H, hook of 
hamate; T, trapezoid) shows enhancement around the flexor tendons (arrow head) and between the capitatum and 
trapezium, consistent with (teno) synovitis (e; arrow). 
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Risk factors: 

• Older age 

• Female gender 

• Positive family history for rheumatoid arthritis 

• Gradual symptom onset 

• Involvement of small j oints 

• Symmetric symptoms and signs 

• High (4 or more) number of tender j oints 

• High (4 or more) number of swollen joints 

• Morning stiffness 

• Increased CRP 

• Increased ESR 

• Presence of rheumatoid factor 

• Presence of ACPA 

• Smoking 

Table 2.4 Clinical and serological risk factors for development of rheumatoid arthritis in patients with 
unclassified arthritis. ACPA, anti-citrullinated peptide antibodies; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate. 



Characteristics predictive for RA 
development 

Additive prognostic value to clinical and 
serologic risk factors? 

Ultrasound 

Grayscale wrist and 
metacarpophalangeal joint 
involvement 

Yes, based on a study in 58 patients. The AUC 
significantly improved from 0.905-0.962 [28] 


Power Doppler involvement of 
metatarsophalangeal joint 


Magnetic resonance 
imaging (MRI) 

Bone marrow edema in wrist or 
metatarsophalangeal joint 

Yes, based on a study of 1 16 patients, after 
adjustments for other variables, bone marrow 
edema has an OR of 1.4 for RA development 
[30]. 



In a second study of 129 patients, bone marrow 
edema had an additive value to ACPA positivity 
(PPV increased from 92% to 100%) [31] 

Digital X-ray 

radiogrammetry 

(DXR) 

Highly elevated BMD loss is 
associated with a PPV of 85% on 

RA development (OR=6.1) 

Perhaps. BMD has an independent effect of 

ACPA (OR=4.1, 95% Cl 0.8, 21.2). Definitive 
conclusions cannot be drawn due to small 
numbers and a large Cl [29] 


Table 2.5 Prognostic value of different imaging modalities in unclassified arthritis. ACPA, anti-citrullinated 
peptide antibody; AUC, area under the curve; BMD, bone mineral density; Cl, confidence interval; OR, odds ratio; 
PPV, positive predictive value; RA, rheumatoid arthritis. 
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Figure 2.6 Magnetic resonance images (MRIs) of the right wrist in a patient with undifferentiated arthritis 
and erosions. Coronal T1 TSE (a), coronal (b) and axial (c) T1 TSE fat saturation (fatsat) with gadolinium. The 
multiple cortical defects are seen on coronal T1 TSE, enhancing on coronal and axial T1 TSE fatsat with gado- 
linium (arrow heads). Unsharply defined intraosseous enhancement is also present in the radial styloid (arrow), 
consistent with edema (b). Enhancing synovium is appreciated on the axial image intercarpal and at the dorsal 
side of the carpus (c; arrows). 


Figure 2.7 Magnetic resonance images (MRIs) of the right wrist in patient with undifferentiated arthritis and 
synovitis, intraosseous edema and erosions. Coronal T1 TSE (a), coronal and axial T2 TSE fat saturation (fat 
sat) (b,d) and coronal and axial T1 TSE fatsat with gadolinium (c, e, f). Multiple cortical erosions are visualized on 
T1 in the carpal bones and ulnar styloid process (a). On T2 (b) high signal intensity is present in the intercarpal, 
radiocarpal, and distal radial ulnar joints which enhances after contrast administration (c) (arrows), based on 
synovitis. Notice the intraosseous edema (bone marrow edema) and the enhancing erosions in the ulnar styloid 
(arrow). The high signal on T2 (d) is enhancing synovium (e) seen around the ulna and in the distal radial ulnar 
joint (arrows), as well as on the dorsal side of the carpalea (f). 
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Figure 2.8 Magnetic resonance images (MRIs) of the right metacarpophalangeal joints in a patient with 
unclassified arthritis. Focal area in the head of metacarpal 3 of low signal intensity on T1 TSE (a), high on T2 
TSE fat saturation (fatsat) (b), enhancing after gadolinium on T1 TSE fat sat (c, d). On the axial images, the volar 
subchondral location is appreciated, a cortical defect is not seen (however cannot be excluded). This finding is 
aspecific and can be based on a synovial cyst of no clinical importance or aspecific intraosseous edema. Its loca- 
tion, not at the level of ligamentous insertion, is less convincing for an erosion. There is no pathologic enhancing 
synovium. Follow-up in time may be of additional value. 


Study 

[reference] 

n 

Disease 

duration 

(median) 

Joints 

scanned 

MRI 

scoring 

Follow 

up 

Outcome 

measure 

Main finding 

Haavardsholm 
et al [32] 

84 

<12 months 

Wrist 

RAMRIS 

1 year 

X-ray 

progression 

BME independent 
predictor erosive 
progression 

Syversen 
et al [33] 

82 

<12 months 

Wrist 

RAMRIS 

1 year 

X-ray 

progression 

BME independent 
predictor erosive 
progression 

Boyesen 
et al [34] 

55 

<12 months 

Wrist 

RAMRIS 

3 years 

X-ray 

progression 

BME independent 
predictor erosive 
progression 

Dohn 
et al [35] 

52 

7 years 

Wrist, 

MCP 

RAMRIS 

1 year 

X-ray 

progression 

Especially BME 
predictive for 
erosive progression 


Table 2.6 Overview of studies on magnetic resonance imaging in progression of rheumatoid and the main find- 
ings. BME, bone marrow edema; MCP, metacarpophalangeal joint; MRI, magnetic resonance imaging; RAMRIS, 
rheumatoid arthritis MRI score. 
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Figure 2.9 Outcomes of unclassified arthritis, depending on the classification method for rheumatoid arthritis. 

1987 or 2010 American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) criteria. 
RA, rheumatoid arthritis. Indicated are the percentages of patients with unclassified arthritis that achieved sustained 
remission after 7 years and the percentages of patients with unclassified arthritis that developed RA after 1 year [31]. 
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Early rheumatoid arthritis 


Jackie L Nam 


Introduction 

Rheumatoid arthritis (RA) is the most common inflammatory arthritis, 
with an approximate prevalence of 1% worldwide [1-3]. It has a female:male 
ratio of about 3:1 and although age of onset is commonly over 50 years, it 
may occur at any age [2,4]. It is a systemic autoimmune disease with pre- 
dominant joint involvement and typically presents with involvement of the 
small joints of the hands and feet. Untreated, the disease has been associated 
with increased morbidity and mortality, with cardiovascular involvement as 
one of the contributing causes [5-7]. A better understanding of the disease 
pathogenesis, early diagnosis and treatment, and the availability of targeted 
therapies have led to improved outcomes. 

Whereas previously, early RA was defined by disease duration of a few 
years, the aim now is to see and treat RA as soon as possible. The concept of a 
window of opportunity’ suggests that there is a period early in the course of 
the disease when the disease process can be altered or maybe even reversed 
with a complete return to normality. Therapy during this period may have a 
much greater effect than treatment at a later stage in terms of halting disease 
progression and achieving remission. This window for optimal outcomes 
is thought to be within weeks of symptom onset. 

Seeing patients at the earliest opportunity requires early symptom rec- 
ognition and referral to rheumatology services for assessment and decisions 
regarding therapy. Whilst the majority of patients with very early inflamma- 
tory arthritis will progress to RA, a proportion may undergo spontaneous 
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remission and others progress to other diseases (eg, systemic lupus erythematosus [SLE]). 
Use of laboratory tests including serological markers and newer imaging modalities such as 
magnetic resonance imaging (MRI) and ultrasound (US) are becoming more widely used to 
aid diagnosis. The 2010 American College of Rheumatology (ACR)/European League Against 
Rheumatism (EULAR) RA classification criteria have also been developed to replace the 
1987 criteria, enabling classification of patients with RA at an earlier stage of the disease [8]. 

Therapy for RA includes both non-pharmacological and pharmacological measures. 
Patient education and input from health professionals (physiotherapy, occupational therapy, 
and podiatry) form an integral part of early RA management. Pharmacological treatment 
includes general therapies (eg, non-steroidal anti-inflammatory drugs [NSAIDs]) and specific 
disease-modifying antirheumatic drugs (DMARDs). 

In terms of DMARD therapy, several important treatment principles have emerged. The 
first is that of early intervention with effective and appropriate treatment. Studies have dem- 
onstrated that early initiation of DMARD therapy is key to achieving good clinical outcomes 
and minimizing bone damage in patients with RA [9]. Of the synthetic DMARDs, metho- 
trexate (MTX) remains the cornerstone of treatment [10]. In recent years, the emergence of 
more targeted biological DMARDs have further improved outcomes for patients with RA. 
Due to cost and availability, they are mainly reserved for patients who have failed treat- 
ment with synthetic DMARDs, although there is some evidence for their use in synthetic 
DMARD -naive patients with the ability to achieve sustained responses, including biologic 
and drug-free remission in some [11-13]. Glucocorticoids also form part of the therapeutic 
armamentarium in RA for remission induction and are often used as bridging therapy and 
for management for disease flares [14]. 

The second principle is one of treating to target to achieve tight control of disease activity 
[15]. The use of strategies whereby patients are monitored regularly and treatment escalated 
if an outcome is not achieved is widely used in other areas of medicine, including the man- 
agement of hypertension and diabetes mellitus. In practice, for patients with RA, this means 
that therapy is increased if disease activity is not suppressed below a predefined level (ideally 
remission or, in patients with long-standing disease, a state of low disease activity). This 
chapter will discuss the diagnosis and treatment of early RA in more detail. 
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Pathology in early rheumatoid arthritis 

RA is a systemic autoimmune disease affecting mainly synovial lined joints. In early RA, the 
joint capsule, the outermost layer of the joint, remains unaffected. The synovial lining, which 
is usually two cell layers thick, becomes inflamed. The pannus that subsequently develops 
erodes cartilage and bone, resulting in joint destruction (Figure 3.1) [16]. 

Window of opportunity 

The concept of a ‘window of opportunity’ underpins the rationale for the management of 
early RA, which aims to diagnosis and treat the disease at the earliest opportunity to achieve 
maximal benefit. As previously mentioned, it is based on the belief that there is a critical 
period during the early stages of the disease during which treatment is more effective than 
later on. This concept is supported by several studies. In an early arthritis cohort, assessment of 
patients with symptom onset <12 weeks was associated with a hazard ratio of 1.87 for achiev- 
ing DMARD-free remission and a 1.3 times lower rate of joint destruction over 6 years, as 
compared with assessment at >12 weeks [17]. A meta-analysis examining the long-term impact 
on radiographic progression of early DMARD therapy showed that patients commencing 
therapy earlier (an average of 9 months) had a 33% reduction in long-term progression rates 
compared to those treated later (Figure 3.2) [18]. 

Diagnosis of early rheumatoid arthritis 

In an attempt to diagnose and treat RA at the earliest opportunity, patients are being seen 
earlier in the course of their disease. A sizable proportion of patients who present with an 
inflammatory arthritis may have an undifferentiated arthritis (UA) - a form of arthritis that 
does not fulfill classification criteria for a more definitive diagnosis (Figure 3.3). The outcome 
of these patients varies and the diagnosis may change during the initial follow-up period. 
Whilst some will progress to RA, a proportion may develop other rheumatic diseases and 
others will remain undifferentiated or enter into spontaneous remission. Estimates from 
the Leiden Early Arthritis Clinic suggest that of the patients who present with UA, 30% will 
develop RA (based on the 1987 ACR classification criteria), up to 20% remain undifferentiated, 
and 30% will remit [19]. Clinicians, therefore, need to identify patients with inflammatory 
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arthritis and differentiate those with self-limiting disease from those with early RA, enabling 
the initiation of appropriate therapy for those who will progress and preventing unnecessary 
treatment for those with RA that will resolve. The following steps are suggested as an approach 
to the evaluation of patients with early arthritis [20]: 

• recognize the presence of inflammatory arthritis; 

• exclude diseases other than RA or UA that present as an early inflammatory arthritis 
(eg, SLE, psoriatic arthritis, or other spondyloarthropathy); and 

• estimate the risk of developing persistent or erosive irreversible arthritis in patients 
with RA or UA by using a combination of clinical features, laboratory tests, and 
imaging techniques. 

Clinical examination 

A clinical examination and finding joint swelling not caused by trauma or bony swelling sug- 
gests a diagnosis of early RA, especially if it includes involvement of at least two joints and/or 
early morning stiffness lasting 30 minutes or more (Figure 3.4). Symmetric involvement of 
the hands is a hallmark of RA (Figure 3.5) [21]. Hand or foot involvement is common and in 
cases of early RA may be detected by a positive metacarpophalangeal (MCP) or metatarso- 
phalangeal (MTP) squeeze test (Figure 3.6) [22]. 

Differential diagnosis of early rheumatoid arthritis 

Clinical and laboratory features of diseases that may be considered in the differential diagnosis 
of early rheumatoid arthritis (Table 3.1) [23]. Articular symptoms maybe the presenting mani- 
festation of many infectious, inflammatory, or malignant conditions. A thorough history and 
clinical examination including symptom duration, early morning stiffness, the distribution 
of joint involvement, response to NSAIDs, any prodromal illness, and associated features will 
help differentiate between the conditions. Family history is also important for RA, psoriasis, 
and other autoimmune diseases. Faboratory investigations and imaging maybe of additional 
benefit; however, it is important to be aware of the limitations when interpreting the results 
(eg, false positive and negative results.) 

Serological markers in early rheumatoid arthritis 

Rheumatoid factor (RF) is both a marker of persistence in patients with early inflammatory 
arthritis [24,25] and a predictor of radiographic progression [26,27]. Studies have shown 
sensitivities ranging from 41-66% and specificities between 87-97% (Table 3.2) [28]. 
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Research into autoantibodies other than RF in sera of patients with RA led to the discovery 
of antibodies to citrulline, a non-standard amino acid that is generated by the post-transla- 
tional modification of arginine residues by the enzyme peptidylarginine deiminase (PAD). 
The assay using the second-generation cyclic citrullinated peptide (CCP-2) as an artificial 
autoantigen is currently the most commonly used test in clinical practice to identify the 
antibodies to citrullinated peptides/proteins (ACPA). A review of data has shown that ACPA 
(or CCP-2) has a similar sensitivity to RF in early RA cohorts, but with a greater specificity. 
ACPA testing may be of particular value in detecting patients with RA who are RF-negative. 
ACPA positivity has also been shown to be an independent predictor of radiographic damage 
and progression [29]. 

Imaging in early rheumatoid arthritis 

Conventional radiographs remain the most widely used imaging modality for detecting early 
RA given their low cost and availability. However, they are not very sensitive for detecting 
change in early RA. Newer imaging modalities (eg, MRI and US) have been shown to be more 
sensitive for visualizing early inflammatory and destructive change in RA and predicting 
future radiographic damage. However, relatively high costs, long examination times, and 
low availability limit the widespread use of MRI. US, in comparison, is relatively inexpensive, 
non-invasive, and allows many joints to be assessed at any one time. The main disadvantage 
of this modality is its dependency on the skills of the operator and potential problems with 
reproducibility. Table 3.3 shows a summary of some of the differences between the three 
imaging modalities and the advantages and disadvantages of each [23]. 

Conventional radiographs often appear normal in early RA. If radiographic erosions are 
present, they have a high specificity in discriminating between self-limiting and persistent 
inflammatory arthritis [30,31]. Baseline radiographic damage is also the best predictive factor 
of long-term structural outcome [32]. 

Radiographic examinations generally include the hands and feet. In approximately 14-18% 
of patients, cases are only detected in the feet (Figure 3.7) [33,34]. In general, anteroposterior 
views are done; other views (eg, lateral or oblique views) may be requested if clinically indi- 
cated. In cases where a diagnosis of early RA is suspected and conventional radiography is 
normal, MRI may be helpful to make a diagnosis (Figure 3.8). US is also a sensitive imaging 
modality for detecting soft tissue change in early RA (Figure 3.9). 
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Classification of rheumatoid arthritis 

Recent work through a collaborative initiative between the ACR and EULAR to define RA at 
an early stage has enabled the development of new classification criteria for RA. The emphasis 
of the 2010 ACR/EULAR RA classification criteria is on identifying patients with a relatively 
short duration of symptoms who will benefit from early diagnosis and early institution of 
DMARD therapy (see Figure 1.1) [8]. 

Patients must meet two mandatory requirements for the classification criteria to be 
applied. First, there must be clinical evidence of synovitis (ie, swelling) in at least one joint. 
All joints of a full joint count maybe assessed for this purpose with the exception of the distal 
interphalangeal (DIP) joints, the first MTP joint, and the first carpometacarpal (CMC) joint, 
as these joints are typically involved in osteoarthritis. Second, the synovitis should not be 
better explained by another diagnosis (eg, SLE, psoriatic arthritis, gout). Classification as 
definite RA is then based on achieving a total score of 6 or greater (out of 10) from individual 
scores in four domains. These are: 

• number and site of involved joints (score range 0-5); 

• serological abnormality (score range 0-3); 

• elevated acute phase response (score range 0-1); and 

• symptom duration (score range 0 - 1) . 

As a caveat, patients with RA-type erosions on X-ray with a typical history of R A may also 
be classified as such and the scoring system need not be applied. 

Management of early rheumatoid arthritis 

Synthetic disease-modifying antirheumatic drugs 

Early treatment with DM ARDS is one of the key principles in the treatment of early arthritis. 
Synthetic DMARDs have an effect on the disease process within weeks to months. MTX, 
sulphasalazine (SSZ), and leflunomide are commonly used DMARDs that have been shown 
to improve clinical outcomes and delay radiological progression. Of the synthetic DMARDs, 
MTX is considered the anchor drug and is generally used first in patients at risk of developing 
persistent disease or erosive disease because of its relatively beneficial safety profile, clini- 
cal and radiological efficacy, and its beneficial properties in treatment combinations with 
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biological DMARDs. Leflunomide and SSZ have similar clinical efficacy and are considered 
good alternatives (Figure 3.10) [35]. 

Biologic disease-modifying antirheumatic drugs 

In recent years, biological therapies have become available for treating patients with early RA. 
Tumor necrosis factor alpha (TNF-a) is one of the cytokines that is central to the inflamma- 
tory cascade. It has pleiotropic effects driving the immune response, with modulatory effects 
on many aspects of cellular and humoral immunity, and has an important role in persistence 
of early RA. Other biological DMARDs with different modes of action have also come to the 
fore. For example, the biological DMARDS used in the treatment of RA include infliximab, 
adalimumab, etanercept, as well as golimumab and certolizumab, two newer TNF inhibitors; 
rituximab, a B- cell- depleting agent; abatacept, an inhibitor of T cell co -stimulatory pathways; 
and tocilizumab, an interleukin (IL)-6 receptor antagonist [36]. These agents provide rapid 
control of inflammation and have proven efficacy both in terms of clinical outcomes and 
structural damage [37]. They are, however, substantially more expensive than traditional 
DMARDs and are generally used in patients who have failed therapy with synthetic DMARDs 
[38]. Selecting patients with poor prognostic factors for early biologic DMARD therapy may 
improve this cost-benefit balance. 

In the Combination Of Methotrexate and ETanercept (COMET) study [39], the first major 
study looking at remission as the primary endpoint in patients with early RA, patients with 
symptom duration of 2 years or less were randomized to receive MTX or MTX plus the TNF 
inhibitor etanercept for a year (52 weeks). At week 52, remission as defined by a disease activity 
score in 28 joints (DAS28) of <2.6 was achieved in 49.8% of patients given MTX plus etanercept, 
versus 27.8% with MTX alone (P<0.001) (Figure 3.11) [39]. Radiographic progression at week 
52 was also significantly lower in the group receiving combination therapy. 

Induction with biological and maintenance with synthetic disease-modifying 
antirheumatic drugs 

Induction with biological and maintenance with conventional DMARDS is a therapeutic 
strategy in patients with early RA introduced in a placebo-controlled study by Quinn et al 
[11]. The study demonstrated that patients with early RA and poor prognostic factors treated 
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with infliximab and MTX developed less MRI-detected erosions at 12 months than patients 
treated with MTX alone (Figure 3.12) [11]. 

Monitoring of disease activity and achieving tight control 

The primary goal of treating the patient with RA is to maximize long-term health-related 
quality of life through control of symptoms, prevention of structural damage, normalization 
of function, and social participation [39,40]. To achieve this, the optimal initial treatment 
may be less a matter of drug choice and more of a question of whether treatment is adjusted 
to minimize the burden of disease. 

In the Tight COntrol in Rheumatoid Arthritis (TICORA) study, 110 patients with RA 
of less than 5 years' duration were randomly assigned to an intensive treatment in order to 
reach a low activity state (disease activity score in 44 joints [DAS44]<2.4) close to remission 
or to regular clinical care (Figure 3.13) [41,42]. Patients in the TICORA group were examined 
monthly and DMARD therapy was escalated according to a predefined strategy if the DAS44 
was >2.4. Those in the routine care group were seen every 3 months without formal assessment 
or feedback on disease activity scores and therapy adjusted according to the clinical judg- 
ment of the rheumatologist. The intensive treatment group had significantly more patients 
in remission and developed less radiographic damage than the control group after 18 months 
of follow-up. This strategy also resulted in a higher treatment retention rate, a lower rate of 
discontinuations due to side effects, and lower costs per patient (based on lower admission 
costs) than routine care over the 18 months of observation. Of note, more intra-articular 
steroids were used in this treatment group. Other clinical trials have confirmed the benefits 
of this treat to target approach [42]. 

Treating to target 

Regular monitoring and treatment aiming at specific therapeutic targets has led to improved 
outcomes and a reduction in the risk of organ damage in several areas of medicine (eg, the 
treatment of diabetes and hypertension). Based on evidence from the systematic literature 
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review and expert opinion on best practice [43], recommendations for achieving optimal 
therapeutic outcomes for RA were developed by a task force of rheumatologists and a patient. 

In Figure 3.14, the main target (remission and sustained remission) and the alternative 
target (low disease activity in patients with long-term disease) are indicated as separate threads 
[41]. Remission, defined as the absence of signs and symptoms of significant inflammatory 
disease activity, is the primary target for treatment of RA. In certain instances (eg, in estab- 
lished long-standing disease), low disease activity may be an acceptable alternative therapeutic 
goal. The approaches to attain the targets and sustain them are similar. 

Assessments should be performed with appropriate frequency and using composite disease 
activity measures which include joint counts. Structural damage should be assessed with 
X-rays approximately every 12 months during the first few years. Functional assessment (for 
example, the Health Assessment Questionnaire disability index) maybe used to complement 
the disease activity and structural damage monitoring [44]. 

Measures of disease activity 

Monitoring of disease activity should include tender and swollen joint count, patient and 
physician global assessment, ESR, and CRR Composite scores have been developed using 
a combination of these variables (Tables 3.4 and 3.5) [45,46]. The choice of the composite 
measure of disease activity and the level of the target value may be influenced by consideration 
of comorbidities, patient factors, and drug-related risks. 

Clinical trials using different treatment combinations together with treat to 
target strategies in early rheumatoid arthritis 

Several studies in DM ARD -naive early RA have incorporated treat to target type approaches 
within their treatment strategies (Table 3.6) [12,47-55]. These have shown good clinical out- 
comes in all patients irrespective of the initial treatment groups reinforcing the importance 
of early intervention and tight control in the treatment of RA [55]. Overall, the more intensive 
strategies have shown the added benefit of earlier clinical responses [12,50,54], lower long-term 
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radiographic progression, and the potential for drug-free remission [47,56]. Several other trials 
in MTX-naive RA support these findings [57-59]. 

Recommendations for the management of early rheumatoid arthritis 

The following are a summary of points to consider in the management of patient with early 
RA (Table 3.7) [59,60]: 

• early diagnosis and treatment can prevent or delay the joint destruction, functional 
impairment, and mortality associated with rheumatoid arthritis; 

• early recognition of an inflammatory arthritis is therefore imperative; 

• patients with an inflammatory arthritis should be referred as early as possible to a 
rheumatologist for further management; 

• a combination of clinical, imaging, and laboratory measures will allow the clinician to 
differentiate between causes of an inflammatory arthritis from rheumatoid arthritis; 

• early effective therapy should be instituted for those at risk of developing a persistent 
and/or erosive arthritis; 

• therapy includes both pharmacological and non-pharmacological measures; and 

• the best treatment is a combination of optimal drug therapy, regular monitoring, and 
intervention to achieve remission or low disease activity. 
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Figure 3.1 Synovial joint in health and rheumatoid arthritis indicating cellular components and sites of de- 
struction in diseased joint. Reproduced with permission from Taylor [16] ©Humana Press. 
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Figure 3.2 Altering the course of early rheumatoid arthritis. Untreated, most patients with rheumatoid arthritis 
(RA) will follow a course of progressive joint damage, increased morbidity, and mortality. Earlier treatment, however, 
has shown to alter this course. Ideally patients should be diagnosed at the earliest stages and disease-modifying 
antirheumatic drugs (DMARDs) commenced. Reproduced with permission from Breedveld and Kalden [18] ©Sage. 
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Figure 3.3 Natural history of inflammatory arthritis. A sizable proportion of patients who present with an 
inflammatory arthritis may have an undifferentiated arthritis, a form of arthritis that does not fulfill classification 
criteria for a more definitive diagnosis. The outcome of these patients varies and the diagnosis may change during 
the initial follow-up period. Whilst some will be persistent and may develop erosive disease, others may be self- 
limiting and enter into spontaneous remission. 
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Figure 3.4 Clinical examination of the hand. The clinical examination remains the cornerstone for evaluating 
patients to determine whether arthritis is present or not, differentiate between inflammatory or non- inflammatory 
disease, and decide the etiology of the arthropathy. 



Figure 3.5 Clinical features of the hand in early rheumatoid arthritis. There may be swelling of the wrists, 
metacarpophalangeal joints, or the proximal interphalangeal joints. There is no deformity. There is bilateral involve- 
ment of the wrists and metacarpophalangeal joints of this 54-year-old woman, who had had synovitis for about 
10 weeks at the time this photograph was taken. Reproduced with permission from Matteson et al [21] ©Springer. 
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Arthritis type 

Personal history 

Typical pattern of joint involvement 

Undifferentiated 

F>M 

Insidious 

arthritis 

(nonprogressive) 


Oligoarthritis 

Rheumatoid arthritis 

F>M; 

Insidious 


35-50 years 

progressive 

symmetrical 

Spondyloarthropathy 

Psoriasis 

Persistent 


Urethritis or cervicitis 

asymmetric 


IBD 

Family history of psoriasis or IBD 

oligo articular 

Systemic lupus 

F>M 

Polyarticular, symmetric, usually nonerosive 

erythematosus 

Young 



Viral (HBV, HCV) 

Hepatitis risk factors 

Acute 

polyarthritis 

Septic arthritis 
(nongonococcal) 

Peak incidence in elderly 

Reduced host immunity 

Joint prostheses 

Acute 

Monoarticular 

Often extremely painful 
(maybe polyarticular) 

Gonococcal 

F>M 

Acute oligo- or 


Young 

Sexually active 

polyarthritis 

Osteoarthritis 

F>M, 

Progressive 


Men with knee or hip involvement 

oligo- or 


TAge 

polyarticular 

asymmetric or symmetric, 
bony swelling 

Gout 

Men 

Sudden onset 


Postmenopausal 

Severe pain with attacks 


women, 

Oligo articular early 


Diuretic use (especially in elderly) 

Polyarticular later 

Pseudogout 

M=F 

Chronic 


TAge 

Oligo- or polyarticular 

Acute monoarticular (25%) 


Table 3.1 Clinical and laboratory features of diseases that may be considered in the differential diagnosis of 
early rheumatoid arthritis ( continued overleaf) 


48 Early rheumatoid arthritis 




Joints affected 

Associated features 

Laboratory tests 

PIP, MCP, wrist, MTP, 
knee, ankle 

— 

TCRP/ESR 

PIP, MCP, wrist, MTP, 
knee, ankle 

EMS 

TCRP/ESR 

RF+ 

CCP+ 

DIP, PIP, knee, feet, 
spine 

Psoriasis 

Nail pitting 

Uveitis 

Enthesitis 

Dactylitis 

ESR/CRP maybe normal 

More severe course in HLA B27 + 

PIP, knee 

Rash 

Serositis 

Anemia 

TESR/CRP 

Proteinuria 

ANA+ 

dsDNA+ 

PIP, MCP, wrist, knee, 
ankles 

Jaundice 

TESR/CRP 

TLFTs 

Hepatitis B and C serology 

Knee (most common), 
hip, shoulder, ankle, 
wrist 

Systemic symptoms 

common 

Staphylococcus aureus (most common) 

Synovial fluid is gram- stain positive in 50% and culture 
positive in 90% 

Wrist, knee 

Fever 

Rash 

Skin blisters/pustules, 
Tenosynovitis 

TESR/CRP 

TWBC 

Synovial fluid gram-stain positive in 25% and culture 
positive in 50% of cases 

DIP, PIP, First CMC1, 
knee, hip, MTP, spine 


Normal laboratory tests 

MTP, toes, ankle, 
knees 

Tophi 

Synovial fluid 

Urate crystals 

TUric acid level (normal levels in 40% of acute attacks) 

Knee, wrist, finger, 

MTP 

Hypomagnesemia 
Hypophosphatemia 
Hemochromatosis 
Wilsons disease 
Hyperparathyroidism 

TCRP 

TWBC 
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Arthritis type Personal history Typical pattern of joint involvement Joints affected Associated features Laboratory tests 

Polymyalgia M=F Prolonged morning Hip and RS3PE Anemia 

rheumatica Older stiffness shoulder girdle, TESR/CRP 

Caucasian PIP 

wrist 
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ACPA (CCP-2) 

IgM-RF 

ACPA (CCP-2) 

or 

IgM-RF 

ACPA (CCP-2) 

and 

IgM-RF 

Sensitivity range (%) 

41-63 

41-66 

52-67 

33-58 

Specificity range (%) 

91-100 

81-97 

72-82 

98-100 


Table 3.2 Performance of immunoglobulin M-rheumatoid factor and anti-citrullinated peptide antibodies 
(cyclic citrullinated peptide 2) assays in early rheumatoid arthritis cohorts. ACPA, anti-citrullinated peptide 
antibody; CCP-2, cyclic citrullinated peptide 2; IgM-RF, IgM rheumatoid factor. Adapted with permission from 
Aggarwal et al [28] ©Wiley. 



Conventional radiography 

MRI 

Ultrasound 

Tolerance 

Excellent 

Fair 

Excellent 

Ionizing radiation 

Yes 

No 

No 

Time to perform 

Short 

Long 

Intermediate 

Cost 

Inexpensive 

Expensive 

Inexpensive 

Ease of accessibility 

Easy 

Intermediate/ difficult* 

Easy-difficult* 

Operator dependant 

No 

No 

Yes 

Number of joints per session 

Many 

Few 

Many 

Planes 

One 

Multi 

Multi 

Real-time scanning 

No 

No 

Yes 

Bone visualization 

Good 

Excellent 

Good (cortex only) 

Soft tissue visualization 

Non-specific 

Excellent 

Excellent 

Allows intervention 

Yes (fluoroscopy) 

No 

Yes 


Table 3.3 Imaging modalities in used in early rheumatoid arthritis. MRI, magnetic resonance imaging, ^depend- 
ant on availability. Adapted with permission from Nam et al [23] ©Humana Press. 
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Figure 3.6 Metacarpophalangeal and metatarsophalangeal squeeze test. Hand or foot involvement is common 
and in cases of early RA and may be detected by a positive metacarpophalangeal (MCP) or metatarsophalangeal 
(MTP) squeeze test. This involves squeezing the patient’s hand (a) or foot (b) across the knuckle joints. Adapted 
with permission from Arthritis Research UK [22] ©Arthritis Research UK. 



Figure 3.7 Conventional radiograph of the foot showing erosion of the fifth metatarsal head. Reproduced with 
permission from European League Against Rheumatism [33] ©EULAR. 
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Figure 3.8 Magnetic resonance imaging in early rheumatoid arthritis. In this patient with early rheumatoid 
arthritis (RA), although the scaphoid erosion is not seen on the conventional radiograph of the (a) wrist and hand 
or (b) the precontrast MRI image, it is visualized on the (c) post-contrast MRI image. Synovitis and bone marrow 
edema are other findings on MRI and indications of soft tissue involvement in early RA. Reproduced with permis- 
sion from University of Leeds, UK. 



Figure 3.9 Ultrasound in early rheumatoid arthritis. In this longitudinal dorsal ultrasound scan of a metacar- 
pophalangeal joint of a patient with early rheumatoid arthritis (RA), the grayscale (a) change and power Doppler 
signal (b) suggest inflammatory arthritis disease activity, * synovial hypertrophy, m, metacarpal head; p, proximal 
phalanx; pd, power Doppler. Reproduced with permission from University of Leeds, UK. 
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Figure 3.10 Methotrexate, sulphasalazine and leflunomide are commonly used synthetic disease-modifying 
antirheumatic drugs in early rheumatoid arthritis. IFN-y, interferon-gamma; IL, interleukin; TGF-(3, transforming 
growth factor beta; Th, helper T cell; T reg, regulatory T cell; TNF, tumor necrosis factor; RANKL, receptor activator 
of nuclear factor kappa-B ligand. Figure adapted with permission from Nakashima and Takayanagi [35] ©Springer. 
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*P<0.001 
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Figure 3.11 Percentage of patients achieving remission at week 52 in the groups receiving methotrexate versus 
methotrexate plus etanercept in the COMET study. DAS, disease activity score; DAS28, disease activity score 
in 28 joints; ETN, etanercept; MTX, methotrexate. Reproduced with permission from Emery et al [39] ©Lancet. 
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Placebo + MTX HAQ 
Placebo + MTX RAQoL 
Infliximab + MTX RAQoL 
Infliximab + MTX HAQ 


> 




Time (weeks) 


Figure 3.12 Induction with biological and maintenance with synthetic disease-modifying antirheumatic 
drugs. This figure shows the percentage change in the median functional (by Health Assessment Questionnaire 
[HAQ]) and quality of life (by the Rheumatoid Arthritis Quality of Life [RAQoL] questionnaire) scores overtime 
in the infliximab -plus -methotrexate (MTX) group and the placebo-plus-MTX group. The functional and quality 
of life benefits obtained in patients treated with infliximab after one year was sustained at two years without further 
infliximab infusions. Reproduced with permission from Quinn et al [1 1] ©Wiley. 
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EULAR ACR 20 ACR 50 ACR 70 Remission 

good response 

Figure 3.13 Intensive versus routine monitoring: results from the Tight COntrol in Rheumatoid Arthritis 
(TICORA) study. In the TICORA study, patients in the intensive treatment group experienced significantly greater 
EULAR and ACR responses and higher remission rates than the control group after 18 months of follow-up. ACR, 
American College of Rheumatology; EULAR, European League Against Rheumatism. Reproduced with permis- 
sion from Grigor et al [42] ©Lancet. 
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Adapt 
therapy 
according 
to disease 
activity 


Adapt therapy 
if state is lost 




Use a composite 
measure of disease 
activity every 
1-3 months 


Assess disease 
activity about every 
3-6 months 


Alternative 

target 


Adapt 
therapy 
according 
to disease 
activity 



Adapt therapy 
if state is lost 


Sustained 
low disease 
activity 


Figure 3.14 Algorithm for treating rheumatoid arthritis to target based on European League Against 
Rheumatism (EULAR) treat to target recommendations. When monitoring treatment of patients with rheu- 
matoid arthritis (RA), measures of disease activity should be obtained and documented regularly, as frequently 
as monthly for patients with high/moderate disease activity or less frequently (eg, every 3-6 months) for patients 
in sustained low disease activity or remission. It is suggested that drug therapy should be adjusted at least every 
3 months until the desired treatment target is reached. The patient should be appropriately informed about the 
treatment target and the strategy planned to reach this target under the supervision of the rheumatologist. The 
desired treatment target should be maintained throughout the remaining course of the disease. Produced with 
permission from Smolen et al [41] ©BMJ. 
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Composite 

measures 

Formulas 

DAS 

DAS (4 variables) 

• 0.54x(VRitchie)+0.065x(SJC44) + 0.33xln(ESR) + 0.072(general health) 

DAS (3 variables) 

. 0.54x(VRitchie)+0.065x(SJC44) + 0.33xln(ESR) + 0.224 

DAS28 

DAS28 (4 variables) 

. 0.56x(VTJC28)+0.28x(VsjC28)+0.70xln(ESR)+0.014(general health) 

DAS28 (3 variables) 

. 0.54x(VTJC28)+0.28x(VsjC28)+0.70xln(ESR)+0.016 

DAS28 CRP (4 variables) 

. 0.56x(VTJC28)+0.28x(VsjC28)+0.36xln(CRP(mg/l), +1)+0.014 (general 

health) +0.96 

Simplified DAS 

SJC28+TJC28+patient global health(VAS; 0-10)+physician global (VAS; 0-10)+CRP 
(mg/dL) 

Clinical DAS 

SJC28+TJC28+patient global health(VAS; 0-10)+physician global (VAS; 0-10) 


Table 3.4 Composite disease activity scores used in clinical practice for measuring rheumatoid arthritis disease 
activity. CRP, C-reactive protein; DAS, disease activity score; DAS28, disease activity score in 28 joints; ESR, eryth- 
rocyte sedimentation rate; In, natural logarithm; Ritchie, Ritchie articular index; SJC28, 28-swollen-joint-count; 
SJC44, 44-swollen-joint count; TJC28, 28-tender-joint count; VAS, visual analogue scale. 


Disease activity scores 

Remission 

Low 

Moderate 

High 

DAS 

<1.6 

<2.4 

<3.7 

>3.7 

DAS28 

<2.6 

<3.2 

<5.1 

>5.1 

SDAI 

<3.3 

< 11 

<26 

>26 

CDAI 

<2.8 

<10 

<22 

>22 


Table 3.5 Cut-off values for levels of disease activity of various composite measures in rheumatoid arthritis. 

CDAI, clinical disease activity index; DAS, disease activity score; DAS28, disease activity score in 28 joints; SDAI, 
simplified disease activity index. Adapted with permission from van der Heijde and Boyesen [46] . 
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Clinical trial Treatment groups 


Treatment target 


FIN-RACo 

[47-49] 


SSZ (mono group) (n=98) Improvement in >2 of 3 criteria 

vs (TJC, SJC, and ESR or CRP) 

MTX, SSZ, HCQ and prednisolone (combo 

group) (n=97) Modified ACR remission 


BeSt [12,50] 


1. Sequential monotherapy (n= 126); 

2. Step-up monotherapy (n=121); 

3. Combination therapy with prednisone 
(n=133); 

4. Combination therapy with IFX (n=128) 


CAMERA-II [51] • MTX monotherapy (n= 11 7) 

• MTX + prednisolone lOmg/d (n=119) 


LDAS (DAS44 <2.4) 


>20% improvement in SJC and >2 
of TJC, ESR, andVAS GH 


SWEFOT [52-54] MTX monotherapy (n=487) LDAS28 (DAS28<3.2) 

(A) If DAS28 < 3.2 after 3-4 months (n=147): 

- Continue MTX 

(B) If DAS28 >3.2 after 3-4 months: 

- SSZ + HCQ (n=130) vs 
-IFX (n=128) 


NEO-RACo [55] MTX, SSZ, HCQ, prednisolone + placebo (n=49) Modified ACR remission 

vs 

MTX, SSZ, HCQ, prednisolone + 6 months of 
IFX (n=50) 


Table 3.6 Randomized controlled trials comparing different treatment combinations together with treat to 
target strategies in disease-modifying antirheumatic drugs-na'ive rheumatoid arthritis. ACR, American College 
of Rheumatology; Cl, confidence interval; CRP, C-reactive protein; LDAS, low disease activity score; DAS28, disease 
activity score in 28 joints; ESR, erythrocyte sedimentation rate; EULAR, European League Against Rheumatism; 
HCQ, hydroxychloroquine; IFX, infliximab; IQR, interquartile range; MTX, methotrexate; NS, not significant; SD, 
standard deviation; SHS, Sharp/van der Heijde score; SJC, swollen joint count; SSZ, sulfasalazine; TJC, tender joint 
count; VAS-GH, visual analogue scale of general health. 
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Clinical outcomes 

ACR remission: 

2 years: 18% vs 37%; P=0.003 
5 years: 22% vs 28% NS 


LDAS44 (DAS<2.4): 

1 year: 53%; 64%; 71%; 74% P<0.01 (1 vs 3 and 1 vs 4) 

2 years: 75%; 81%; 78%; 82% NS 
Drug-free remission: 

3 years: 11%; 6%; 7% and 16%; P<0.05 (4 vs 2+3) 

Time to first sustained remission: 

11 months: (SD 5) vs 6 months (SD 5) P<0.001 

EULAR good response: 

1 year: 63% vs 65% 

2 years: 66% vs 68% 

LDAS28 after 3-4 months 30.1% 

(A) DAS28 remission: 

1 year: 59.6% 

2 years: 71.8% 

(B) EULAR good response: 

1 year: 25% vs 39% P=0.0160 

2 years: 38% vs 31% NS 

Modified ACR remission: 

2 years: 53% (95% Cl 38 -67): vs 66% (51-81) NS 

Sustained modified ACR remission: 

2 years: 10% (95% Cl 3-22): vs 26% (15-40); P=0.042 

Mean DAS28 remission: 

2 years: 82% (95% Cl 72-93) vs 82% (71-93) NS 


Radiographic outcomes 

Median Larsen score: 

2 years: 12 (IQR 4-20) vs 4 (0-14); P=0.002 

5 years: 24 (10-34) vs 11 (2-26); P=0.001 

11 years: 27 (95% Cl, 22-33) vs 17 (12-26); 
P= 0.037 

Median change SHS: 

2 years: 2.0 (IQR 0.0-8.6) ; 

2.0 (0. 3-7.0); 

L0 (0.0-2. 5); 

L0 (0. 0-3.0); 

P=0.005 (1+2 vs 3+4) 

Median change in SHS: 

2 years 0 (IQR 0-2) vs 0 (0-0); P=0.022 


(A) Mean change SHS: 

2 years 3.90 (SD 6.84) 

SHS=0 

2 years 45.6% 

(B) Mean change SHS: 

2 years 7.23 (SD 12.72) vs 4 (10.05); P=0.009 
Median increase SHS: 

2 years 3 (IQR 0-1 1.25) vs 1 (0-5); P=0.009 

Mean change SHS: 

2 years: -0.2 (-1.2-0.4) vs 1.4 (0.8-2.3); 
P=0.0058 
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1 . Arthritis is characterized by the presence of joint swelling, associated with pain or stiffness. Patients 
presenting with arthritis of more than 1 joint should be referred to, and seen by, a rheumatologist, ideally 
within 6 weeks after onset of symptoms 

2. Clinical examination is the method of choice for detecting synovitis. In doubtful cases, ultrasound, power 
Doppler, and MRI might be helpful to detect synovitis 

3. Exclusion of disease other than rheumatoid arthritis requires careful history taking and clinical 
examination, and ought to include at least the following laboratory tests: complete blood cell count, 
urinalysis, transaminases, and antinuclear antibodies 

4. In every patient presenting with early arthritis to the rheumatologist, the following factors predicting 
persistent and erosive disease should be measured: number of swollen and tender joints, ESR or CRP, level 
of rheumatoid factor and ACPA, and radiographic erosions 

5. Patients at risk of developing persistent or erosive arthritis should be started with DMARDs as early as 
possible, even if they do not yet fulfill established classification criteria for inflammatory rheumatologic 
diseases 

6. Patient information concerning the disease and its treatment and outcome is important. Education 
programs aimed at coping with pain, disability and maintenance of work ability maybe employed as 
adjunct interventions 

7. NSAIDs have to be considered in symptomatic patients after evaluation of gastrointestinal, renal, and 
cardiovascular status 

8. Systemic glucocorticoids reduce pain and swelling and should be considered as adjunctive treatment 
(mainly temporary), as part of the DMARD strategy. Intra- articular glucocorticoids injections should be 
considered for the relief of local symptoms of inflammation 

9. Among the DMARDS, methotrexate is considered to be the anchor drug, and should be used first in 
patients at risk of developing persistent disease 

10. The main goal of DMARD treatment is to achieve remission. Regular monitoring of disease activity and 
adverse events should guide decisions on choice and changes in treatment strategies (DMARDs including 
biological agents) 

1 1 . Non-pharmaceutical interventions such as dynamic exercises, occupational therapy, and hydrotherapy 
can be applied as adjuncts to pharmaceutical interventions in patients with early arthritis 

12. Monitoring of disease activity should include tender and swollen joint count, patient’s and physicians 
global assessments, ESR and CRP. Arthritis activity should be assessed at one to three month intervals, for 
as long as remission is not achieved. Structural damage should be assessed by radiographs of hands and 
feet every 6-12 months during the first few years. Functional assessment (for example, HAQ) can be used 
to complement the disease activity and structural damage monitoring 

Table 3.7 European League Against Rheumatism (EULAR) recommendations on the management of early 
arthritis. ACPA, anti-citrullinated peptide; CRP, C reactive protein; DMARD, disease-modifying antirheumatic 
drug; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; MRI, magnetic resonance 
imaging; NSAID, non-steroidal anti-inflammatory drugs. Reproduced with permission from Combe et al [60] ©BMJ. 
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4 Established rheumatoid 
arthritis 


Michael Weisman, Thomas J Learch 


Introduction 

The images presented in this chapter reflect a broad spectrum of clinical 
manifestations and radiographic images of established rheumatoid arthritis 
(RA), including some manifestations such as severe deformities that are 
rarely seen in clinical practice because the clinical presentation of estab- 
lished RA has substantially changed over the last two decades. The change 
in clinical presentation is largely due to the use of disease-modifying anti- 
rheumatic drugs (DM ARDs), particularly methotrexate, early in the disease 
course. The effect of DMARDs has been to tame the chronic inflammatory 
process and delay the progression of RA. In fact, according to classification 
criteria, the average number of tender and swollen joints was lower among 
patients classified with RA in 2010 than in 1987 [1]. In recognition of this 
significant change in the treatment and course of RA, the American College 
of Rheumatology (ACR) and the European League Against Rheumatism 
(EULAR) recently issued new classification criteria for RA [2]. The 2010 
ACR/EULAR classification criteria replaced the 1987 ACR RA classifica- 
tion criteria and are intended to classify RA earlier in the disease course 
[1]. These new classification criteria are targeted to patients presenting for 
the first time with at least one swollen joint and swelling not explained by 
another disease [2]. Four domains are included in an algorithm in which 
a score of at least 6 out of 10 is required for the classification of RA. The 
domains are: joint involvement, serology, acute-phase reactants, and dura- 
tion of symptoms. 
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The course of RA may be cyclic or aggressively active and the progression and rate at 
which joint destruction occurs is quite variable [3]. Factors that influence disease progres- 
sion include rheumatoid factor (RF) production, gender, erosive disease at presentation [4], 
anti-cyclic citrullinated peptide antibodies (ACPA) [5], C-reactive protein (CRP), human 
leukocyte antigen (HLA) shared epitope, and baseline radiographic damage [6]. Presentation 
with arthritis of the knees is also predictive of a more destructive course of RA [7]. Within 3 
months following diagnosis, erosive damage will occur in 10-26% of patients. After 2 years, 
over three-quarters of patients with RA will exhibit some type of erosive joint damage [6]. 

The characteristic features of RA are expressed in articular and periarticular manifesta- 
tions of the upper and lower extremities. Swelling of the metacarpophalangeal (MCP) joints is 
one of the hallmark signs of RA and one that distinguishes RA from osteoarthritis even in its 
inflammatory form. The majority of patients with RA will also experience wrist involvement 
at some point during the course of their disease; up to 50% within the first two years of disease 
onset [5]. Elbow and shoulder symptoms appear in about one-third of cases [5]. Among the 
lower extremities, over 90% of patients exhibit signs and symptoms in the knees, ankles, and 
feet; the hips tend to be less frequently involved. In addition to articular and periarticular 
manifestations of the upper and lower extremities, 17-88% of patients may experience cervi- 
cal spine abnormalities, although the prevalence of these abnormalities is on the decline due 
to aggressive, early treatment [5]. 

Extra-articular manifestations of RA may occur in any of the major organ systems: car- 
diovascular, pulmonary, ocular, neurologic, skin, hematologic, renal, and hepatic [8]. The 
incidence and prevalence of any given extra-articular manifestation is variable. The most 
frequent extra-articular manifestation is rheumatoid nodules, with an estimated 30-40% of 
all patients developing rheumatoid nodules at some point in their lifetime [9] . In a community- 
based study of the incidence of RA, the most common extra-articular manifestations were 
rheumatoid nodules, secondary Sjogren’s syndrome, and pulmonary fibrosis [10]. 

Several imaging modalities are available with which to assess the presence and extent 
of damage associated with RA. These modalities include radiographic examination, ultra- 
sonography (US), magnetic resonance imaging (MRI), and computed tomography (CT). 
Radiographs are used to determine the extent of cumulative joint damage [11] and establishing 
therapeutic response. They may also serve as surrogate indicators of functional disability [12]. 
Radiography has the advantage of being low-cost and readily accessible. On the other hand, the 
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disadvantages include its two-dimensional representation of a three-dimensional condition 
[11,12], failure to assess synovitis and other soft-tissue changes [13], and poor sensitivity in 
identifying bone erosions [14]. US overcomes the limitations of radiography in that it allows 
the visualization of a three-dimensional plane as well as soft-tissue lesions and early erosive 
bone lesions [15]. That said, US has its own limitations including reproducibility of findings 
(for example, inter- and intra- observer reliability and inter-machine reliability), validity, and 
responsiveness to change [16]. 

MRI is an extremely sensitive imaging modality that provides exceptional detail of the 
bone and surrounding soft tissue as well as erosive damage [17]; specifically, the synovial 
membrane, intra- and extra-articular fluid collections, cartilage, bone, ligaments, tendons, 
and tendon sheaths [11]. MRI has yet to be adopted for routine clinical assessment in RA 
due to its high cost, restricted availability, and exam time [11]. CT is another excellent tool 
for visualizing the joints and other structures; however, it does not do an adequate job of 
visualizing soft- tissue changes of articular structure [13]. The use of CT, though, is relatively 
limited in clinical practice. 

Stages of established rheumatoid arthritis 

In its beginning stages, established RA is identifiable by the swollen MCP, proximal interpha- 
langeal (PIP), and distal interphalangeal (DIP) joints. The swelling in these joints represents 
a combination of synovial hypertrophy and exudative synovial fluid all together commonly 
known as synovitis. Joints with synovitis will be warm and soft to the touch with a fluctuant 
sensation resulting from the increased tissue and fluid at the site of inflammation. Figure 4.1 
displays what is called ‘fusiform’ swelling of the PIP joints (spindle-shaped swelling mostly 
on the medial and lateral sides of the joint where there are no tendons). Synovitis can be con- 
firmed on physical examination by carefully squeezing the joints or moving them through a 
normal range of motion and asking the patient to verbalize any pain or discomfort. In addi- 
tion, Figure 4.1 reveals some of the early changes of established RA such as radial deviation 
at the wrist, loss of the normal contours of the wrist articulations, and splaying laterally of 
the digits making the fingers appear spread out. All of these changes are created by pressure 
from the accumulated synovial hypertrophy and fluid accumulation in the joints. 

Figure 4.2 shows signs of radiographic erosions in the second MCP. In the past, treat- 
ment has focused on arresting or even preventing this type of bony destruction with early 
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institution of combinations of drugs that include biologic agents. Figure 4.3 is also indicative 
of early destructive arthritis including joint space narrowing and radial deviation at the wrist. 

Foot and ankle manifestations occur in almost all patients with established RA, with the 
forefoot being one of the more frequently affected sites and the fifth metatarsophalangeal 
(MTP) often the first involved joint (Figure 4.4). Foot symptoms occur initially in approxi- 
mately 13% of patients and may be the presenting manifestation [18]. Ultimately, up to 90% 
of patients will experience foot and ankle symptoms sometime during the course of their 
disease [19]. Synovial and soft tissue inflammation causes the foot to swell (Figure 4.5; Figure 
4.6) and wearing covered shoes becomes uncomfortable. Patients with RA in the forefoot will 
report pain while walking and often they will attempt to find larger size shoes not knowing 
the cause of the problem. Upon physical examination, the MTP joints will feel swollen and 
display tenderness with compression laterally across the forefoot (the ‘squeeze-test’ for forefoot 
arthritis). Given the options available for RA management today (eg, methotrexate, biological 
agents), it is unusual for patients to spend very much time in this setting of extreme inflam- 
mation in the forefeet. Arthritis mutilans is an example of forefeet deformities seen prior to 
the use of biological agents (Figure 4.7). 

With ongoing inflammation, synovial thickening and hypertrophy become more pro- 
nounced and joint deformities begin to be clearly visible. In Figure 4.8, for example, we see 
synovial thickening as well as the beginning of subluxation of the MCP joints. Radiographic 
evidence of ulnar deviation as well as synovial thickening can be seen in Figure 4.9. A more 
complete picture of the rheumatoid process via MRI is demonstrated in Figure 4.10. 

Deformities associated with disease progression include radial deviation of the wrist 
(straightening of the ulnar side of the hand and wrist) and the beginning of the ulnar deviation 
of the digits (Figure 4.8). Upon physical examination and palpation, the joints will feel swollen 
and warm with the patient noting tenderness. Up to 55% of patients with RA will experience 
tenosynovitis (inflammation of the synovial fluid-filled sacs that surround the tendon sheaths) 
along the flexor or extensor digital tendons [20]. In order, the most frequently affected tendons 
are the third flexor tendon, the second flexor tendon, and the fourth flexor tendon. 

As established disease progresses, characteristic changes take place, where the MCP joints 
appear prominent, firm swelling takes place at the PIP joints where flexion deformities exist, 
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and muscle atrophy is present on the dorsum of the hand revealing the tendons sitting just 
under the skin (Figure 4.11). Firm ‘ropy’ appearing swelling may place along the distal ulna 
on both hands; in Figure 4,11, prominent swelling is present at the MCP and PIP joints of 
the thumbs, especially in this patient’s right hand. However, joint destruction in RA is not 
limited to the hands and feet. The knees are frequently sites of inflammation and patients with 
inadequately managed RA are also susceptible to progressive cartilage damage, ligamentous 
laxity, and quadriceps muscle atrophy. Figures 4.12 and 4.13, a radiograph and an MRI of 
the knee in the same patient, illustrate severe muscle atrophy and cartilage loss. From a diag- 
nostic and therapeutic perspective, it is imperative for the clinician to aggressively manage 
inflammation in the rheumatoid knee in order to avoid producing irreversible cartilage loss 
and bone destruction resulting in functional disability. 

Rheumatoid nodules at the DIP, PIP, and MCP joints develop in 20-35% of patients with 
RA (Figure 4.14) [9]. Nodules are a symptom of long-standing, active RA. Factors associated 
with the development of nodules, which may or may not be painful, include cigarette smoking, 
positive RF, and use of methotrexate. Extra-articular manifestations in the lungs, eyes, and 
blood vessels occur less commonly but will take place often in conjunction with rheumatoid 
nodules. Subluxation of the MCP joints, radial deviation at the wrist, and ulnar drift of the 
fingers are especially prominent in the left hand of the patient displayed in Figure 4.14. 

Another clinical sign is present in Figure 4.14 where the patient’s left hand ring finger 
contains a wedding band that is very unlikely to be removed due to a Boutonniere deformity. 
This deformity results from slippage of the extensor tendons (which normally extend the MCP 
joint) down along the side of the MCP joint and, instead of extension, produces flexion of this 
joint with concomitant extension of the PIP joint. 

In Figure 4.15, the patient’s left and right hands represent all of what we want to avoid - 
the late consequences of disease (including the overuse of steroids), which commonly were 
seen before the advent of aggressive management of early stages of RA. Here we see nodules 
everywhere, including the soft tissues of the tips of the thumbs, straightening of the ulnar 
border of the wrist (likely from destructive changes in the carpus), and marked synovial 
thickening and early subluxation at the MCP joints, especially in the right hand. In addition, 
there are lateral deviations and deformities of the PIP joints, volar subluxation at the wrist, 
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and thinning of the skin with a dermal hemorrhage in the patient’s right hand, little finger, 
likely as a result of minor trauma (typically called ‘steroid purpura’). 

Classic late-stage manifestations of RA, including hyperextension of the PIP joint of the 
thumb, subluxation at the MCP joints, and swan-neck deformities, including the typical ‘Z’ 
or zigzag deformity of the hand (so commonly seen in the 1960s and 1970s), can be seen in 
Figure 4.16. Chronic swelling of the PIP joint loosens the volar plate causing torn ligaments 
and hyperextension of the PIP joint. This hyperextension causes the extensor tendon of the 
DIP joint to hyperflex, resulting in the appearance of a swan’s neck. With the early institution 
of combinations of aggressive therapy, including the use of biologic drugs, the prevalence of 
these manifestations has significantly declined. 

With loss of mobility of the PIP joints and the hyperextension deformity of the thumb, 
grasp and pinch are severely compromised. The very late stages of this type of hand results in a 
paddle,’ which provides very little in the way of hand function. It is really not known how this 
deformity arises - several theories have been put forward but the most appealing one comes 
from radiographic evidence. It appears that the navicular bone at the wrist rotates, causing the 
wrist to deviate towards ulnar side. Biomechanical forces then come into play during normal 
hand function and subsequently cause a compensatory movement of the fingers toward the 
radial side, producing the zigzag deformity as in this patient. 

Common clinical presentations 

Ocular manifestation 

Episcleritis, inflammation of the membrane covering the sclera, occurs in less than 10% of 
patients with RA [21]. It is typically acute in onset, benign, and self-limiting. Episcleritis pres- 
ents with a sectoral injection of the episcleral and overlying vessels; in some cases, the redness 
may be diffuse while in others there may be a translucent white nodule in the center of the 
inflamed area (Figure 4.17). The cornea is generally not affected. However, dellen formation 
may result from long-standing or recurrent episcleritis. In most cases, episcleritis will resolve 
spontaneously within 2 or 3 weeks. Patients report the condition as uncomfortable rather 
than painful. A regimen of topical anti-inflammatory agents and lubricants may be used to 
alleviate uncomfortable symptoms. 
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Nodules 

Rheumatoid nodules were formerly ubiquitous in a rheumatology practice; now they are rarely 
seen (Figure 4.18). They still are the most common form of extra-articular manifestations 
of RA visible to the clinician on physical examination. They occur most frequently on pres- 
sure points such as the proximal forearm near the ulnar bone, the Achilles tendon, or on the 
anterior surface of the proximal tibia where one kneels down. They are usually attached to the 
bone periosteum or simply float free in the soft tissues. Histologically, they are a granuloma 
with a characteristic organizing structure, yet there are very few studies of the initial stages 
of a nodule before the classic fibrotic picture emerges. It is thought that the original nidus 
is a vasculitis, but the evidence for this is not secure. They have been described to occur just 
about everywhere in the body including in internal structures such as the heart, lungs, scleral 
coat of the eye, and dura. 

Vasculitis 

Figures 4.19 to 4.22 represent most of the various forms of vasculitis that would occur in 
RA and that would be visible to the clinician on physical inspection. Figures 4.20 and 4.21 
represent more widespread findings of vasculitis in the skin including dermal infarctions and 
small infarcted areas on top of the dermal nodules. 

The pathogenesis of these infarctions represents vasculitis in a variety of blood vessels. If 
the process involves larger arteries such as the digital arteries of the feet (Figure 4.22), patients 
may present with gangrene of the toes. Typically, the periungual and the dermal infarctions 
come from necrotizing vasculitis in small post-capillary venules, but the process may involve 
small arterioles as well as larger medium-sized blood vessels producing rather large areas of 
ischemia (Figure 4.22). Rarely do we see these lesions today because RA is generally managed 
early with effective agents and the prevalence of the major triggering event for vasculitis - 
cigarette smoking - has fortunately been greatly reduced. 

Spine and axial joints 

Several factors contribute to the risk for cervical spine abnormalities, including multiple 
and severe peripheral joint involvement, rheumatoid nodules, high- titer RF seropositivity, 
high-dose steroid treatment, long disease duration, radiographic erosions in hands and feet, 
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extra-articular features, and vasculitis [22,23]. Fortunately, the presence of cervical spine 
abnormalities has declined as a result of aggressive treatment. Examples of atlantoaxial sub- 
luxation are shown in Figures 4.23 and 4.24. These abnormalities may or may not be symp- 
tomatic, and it is generally assumed that the erosive process itself leaves sufficient room in 
the spinal canal such that the cord is not compressed. However, patients with cervical spine 
abnormalities may be at risk during anesthesia if the physician is not aware of the problem 
and the head and neck are manipulated without regard to the underlying process. 

Figures 4.25 and 4.26 reveal the consequences of long-standing disease as it affects the hip 
joint. Figure 4.25 represents RA hip disease itself with symmetric narrowing of the hip joint 
with erosive disease on the patient’s left side, while Figure 4.26 is an example of insufficiency 
fractures that can occur in patients with RA who become dependent on chronic corticosteroid 
therapy Fortunately, this latter complication could become a thing of the past if we continue 
on the trajectory of treating patients early and aggressively with biologic and nonbiologic 
DMARDs and avoiding long-term steroid regimens. 
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Figure 4. 1 Early stages of established rheumatoid arthritis. Pictured here is radial deviation at the true wrist j oint 
(seen best on the patient’s left hand), fusiform (side-to-side) swelling of the proximal interphalangeal joints, and 
loss of the normal pinching in of the wrist at the distal radius and ulna articulations with the carpus. The increased 
fluid accumulation associated with synovial membrane hypertrophy causes the wrist to lose its normal contour 
and the metacarpal heads at the metacarpophalangeal joints to move laterally making the digits appear spread out. 



Figure 4.2 Early rheumatoid arthritis involving second metacarpophalangeal joint. This posterioanterior (PA) 
radiograph demonstrates diffuse second metacarpophalangeal joint space narrowing with erosions of the radial 
aspect of the metacarpal head and second proximal phalange - the classic rheumatoid erosion in its phenotypic 
appearance, location, and significance. 
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Figure 4.3 Early destructive rheumatoid arthritis. Posterioanterior radiographs of hands demonstrate bilateral 
pancarpal and second metacarpophalangeal (MCP) and left third MCP joint space narrowing. Early erosive change 
of the radial aspect of the left third metacarpal head is present in the left hand (a). The typical finding of radial 
deviation at the wrist is seen in both hands (a and b) with the ulnar side of the hand appearing as if it is a straight 
line. The reasons behind this particular deformity are not known, but it is speculated that the navicular bone will 
rotate due to the synovitis and perhaps destruction of the ligaments in this area; this rotation of the navicular will 
result in the rotation of the wrist seen in both hands of this patient. 



Figure 4.4 Early erosive rheumatoid arthritis of the feet. Posterioanterior radiographs demonstrate erosions of 
the fifth metatarsal heads bilaterally and symmetrically (a and b). There is diffuse inflammatory joint space nar- 
rowing of the first and fifth metatarsophalangeal joints. Although these erosions do appear corticated in places, 
they are not to be confused with gouty lesions since other signs in the feet (joint space narrowing elsewhere) are 
more consistent with rheumatoid arthritis. 
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Figure 4.5 Established rheumatoid arthritis in metatarsophalangeal joints. Under normal circumstances our 
toes touch each other; this patient displays the ‘daylight sign,’ in which the toes splay laterally and daylight is seen 
between the toes. This occurs when synovial inflammation causes the metatarsal phalangeal joints to spread apart 
and move away from each other. 



Figure 4.6 Newly diagnosed rheumatoid arthritis and its follow-up 2 years later. Sagittal T2 with fat saturation 
images obtained in March 2009 (a) and April 2011 (b). At the time of diagnosis, there is marked periarticular bone 
marrow edema involving hind and mid-foot joints. Ankle effusion is present. Subsequent imaging demonstrates 
resolution of bone marrow edema and only a small ankle joint effusion. Diffuse hindfoot disease is represented by 
this case with very active inflammation seen in the early image, while resolution is present in the later imaging study. 
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Figure 4.7 Arthritis mutilans. Posterio anterior radiographs of feet demonstrate advanced erosive disease of the 
metatarsophalangeal joints with 'licked candystick' appearance of distal metatarsals, resulting in arthritis mutilans 
deformities. This situation was commonplace many years ago when patients were not treated early and aggressively 
for rheumatoid arthritis and the results were these devastating forefeet deformities. Today, rheumatologists are not 
regularly faced with these clinical situations; in the past, patients had to place metatarsal bars on the bottom of their 
shoes to avoid weight bearing directly onto these destroyed joints. 



Figure 4.8 Mid-rheumatoid arthritis with dramatic synovitis. This patient is exhibiting a straightening of the 
ulnar border, marked thickening of the synovial tissues at the dorsum of the wrist, mild flexion deformities of the 
proximal interphalangeal joints and what is likely the beginning of subluxation of the metacarpophalangeal joints 
where the bases of proximal phalanges move palmar to the metacarpal heads. 
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Figure 4.9 Posterioanterior radiograph of hands demonstrate erosive disease at bilateral ulnar styloids. Diffuse 
inflammatory joint space narrowing of the metacarpophalangeal (MCP) joints is present: (a) greater than (b). As 
the rheumatoid process becomes more established and destructive, one sees the subsequent ulnar deviation of the 
fingers at the MCP joints, as well as the radial deviation at the wrist. The reason for this has not been clearly estab- 
lished - perhaps the ulnar drift of the fingers is a mechanical compensation for the radial deviation at the wrist. 
The bones of this patient are clearly less mineralized and one does see the beginnings of a Boutonniere deformity 
of the thumb in the left hand. 



Figure 4.10 Coronal and axial inversion recovery magnetic resonance images (MRI) of bilateral hands. This 
MRI demonstrates synovitis and effusion of carpal and metacarpophalangeal joints (a-c), as well as tenosynovitis of 
flexor tendons (d, e). The MRI gives us a more complete picture of the rheumatoid process by revealing the degree 
of inflammation present in the tendon compartments and surrounding structures. Although the clinician sees the 
swollen hand and the patient feels pain diffusely in the hand, these images demonstrate the extent of involvement 
of both joints as well as tenosynovial structures throughout the hand and wrist. 
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Figure 4.11 Progressive rheumatoid arthritis with metacarpophalangeal and wrist disease. The patient’s left 
hand displays an early deformity of the wrist where the carpal bones move downwards towards the palmar side 
of the hand indicating volar subluxation of the true wrist joint at the distal ulna and radius. It would be expected 
that a marked limitation of the usual ranges of motion would be present in this individual, especially at the wrist, 
metacarpophalangeal, and proximal interphalangeal joints. 



Figure 4. 12 Posterioanterior (a) and lateral (b) radiographs of the knees demonstrate diffuse tricompartmental 
joint space narrowing with suprapatellar effusion. Marked muscle atrophy is noted in the quadriceps of both legs 
and the degree of widespread cartilage loss is very striking. 
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Figure 4.13 Axial proton density with fat saturation image. This patient’s image displays effusion and synovitis 
of the knee joint (arrows) with areas of erosion (dotted arrow) and subchondral bone marrow edema. 



Figure 4.14 Late rheumatoid arthritis with deformities and nodules. Hyperextension of the proximal inter- 
phalangeal joint and a flexion contracture at the metacarpophalangeal joint in the patient’s right thumb, caused by 
slippage of the extensor tendons, produces what is commonly referred to as a Boutonniere deformity. 
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Figure 4.15 Late rheumatoid arthritis with nodules and deformities. Consequences of late- stage rheumatoid 
arthritis include nodules that permeate the soft tissues and deformities in the proximal interphalangeal and meta- 
carpophalangeal joints. Also seen on the patient’s right hand is a thinning of the skin with a dermal hemorrhage. 



Figure 4.16 Late rheumatoid arthritis with deformities. These deformities truly represent significant functional 
disability especially regarding fine manipulation of the fingers so necessary for usual activities of daily living. 
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Figure 4.17 Episcleritis in rheumatoid arthritis. Episcleritis (inflammation between the conjunctiva and the 
sclera) is a localized patch of redness that may be either diffuse or translucent with a white nodule in the middle of 
the inflamed area. The example in this figure is of diffuse presentation. Vision is usually not affected. 



Figure 4. 18 Rheumatoid arthritis nodule, typical location. The elbow is a typical location for rheumatoid arthri- 
tis nodules. Other typical locations include pressure points in the hands, fingers, Achilles tendons, and knuckles. 
Nodules may be fixed or movable depending on whether they arise from the periosteum or from the soft tissues 
of a bursa. 
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Figure 4. 19 Rheumatoid vasculitis - periungual infarct. This is a periungual infarction, a tiny black dot right at 
the corner where the distal nail touches the skin. This small infarct is typically not even noticed by the patient or 
thought to be caused by minor trauma. It is usually, but not always, asymptomatic. These periungual infarcts may 
occur anywhere on the skin next to the nail. 



Figure 4.20 Cutaneous vasculitis in rheumatoid arthritis. Multiple dermal infarctions are visible on the fingers 
of this patient. Dermal ischemia is one of several manifestations of rheumatoid vasculitis. 
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Figure 4.21 Vasculitis and nodules with infarcts. This patient exhibits multiple symptoms of advanced disease 
including nodules and cutaneous infarctions on top of the nodules. 



Figure 4.22 Late-stage arteritis in rheumatoid arthritis. This patient is presenting with gangrene of the toes as a 
complication of rheumatoid arthritis -related vasculitis. 
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Figure 4.23 Atlantoaxial subluxation. Sagittal T1 magnetic resonance imaging (MRI) demonstrates widening 
of the distance between the anterior arch of C-l and the dens (dotted arrow). There is erosion of the dens with a 
pointed configuration (arrow). 



Figure 4.24 Basilar invagination and atlantoaxial subluxation. Sagittal T1 (a) and sagittal computed tomography 
(CT) (b) demonstrate classic findings of basilar invagination with the dens located cephalad and posterior to the 
tip of the clivus (C). The dens (arrows) indents the brainstem anteriorly on the left magnetic resonance image. 
There is widening of the distance between the anterior arch of C-l and the dens which is seen clearly on the CT 
image (dotted arrows) (b). 
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Figure 4.25 Anterior-posterior pelvis radiograph with diffuse bilateral hip joint space narrowing left greater 
than right. Erosive change is present in the left femoral head. Although radiographs usually demonstrate bilateral 
and symmetric disease in hands and feet, asymmetric disease can be seen large joints. These findings are clearly 
distinguishable from osteoarthritis because the migration of the femoral head occurs centrally and diffusely, espe- 
cially on the right side of this patient. 



T I T 


Figure 4.26 Bilateral insufficiency fractures of femoral necks. This woman has been taking corticosteroids for 
many years and presented with proximal leg pain which was actually referred pain from the fractures of the 
hips. The MRI reveals fracture lines of the right femoral neck (arrow) with bone marrow edema and impaction 
(a). On the left side, similar findings are present without definite impaction or displacement (b). 
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Remission and rheumatoid 
arthritis 


Benazir Saleem 


Introduction 

Remission in rheumatoid arthritis (RA) is complex and multifactorial. The 
last 30 years have seen an exponential increase in the volume of publications 
relating to remission in RA (Figure 5.1) resulting in a greater understanding 
of the remission state, yet many questions remain unanswered [1]. There 
are many factors that need to be considered when discussing remission. 
Importantly, how is remission achieved? There is abundant evidence for 
early diagnosis and treatment alongside a treat to target approach; this 
is covered in detail in Chapter 3. After achieving remission, how is this 
state optimally defined? An overview of available and potential methods of 
defining remission will be presented in the first section of this chapter. The 
remission state should equate to stability of clinical disease (ie, the absence 
of flare) with no deterioration in function or radiographic deformity. The 
potential additional value of including imaging (ultrasound [US]/magnetic 
resonance imaging [MRI]) and immunological assessments (eg, cytokine 
and T cell subtypes) when defining remission in patients treated with bio- 
logical therapies and traditional disease-modifying antirheumatic drugs 
(DMARDs) will be discussed. 

The second section will focus on drug-free remission. Local and 
national guidelines suggest that after remission is achieved, gradual reduc- 
tion of DMARDs and biological therapy should be initiated [2]. ‘Drug holi- 
days’ are potentially beneficial to the patient and to the health service. For 
patients, gradual dose reduction after achieving remission will prevent over- 
treatment and allow the lowest effective dose to be determined. However, 
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in order to achieve this goal, patients are put at risk of disease flare and subsequent loss of 
remission and adverse long-term outcomes. There is evidence that patients with established 
RA in remission treated with DMARDs are likely to flare when monotherapy is withdrawn 
[3]. However, sustained drug-free remission is possible after early aggressive therapy with 
combination methotrexate (MTX) and tumor necrosis factor (TNF)-blocking therapy [3]. 
This section will also present illustrations highlighting rates and predictors of successful 
drug cessation. 

Defining remission 

Achieving remission is associated with improved function and reduced radiographic pro- 
gression (Figure 5.2) [4]. The most commonly used definitions of remission are presented 
in Table 5.1. 

The 1981 American College of Rheumatology remission criteria 
The American College of Rheumatology (ACR) remission criteria [5] for RA were proposed 
by a committee in 1981 but have since been criticized for being too stringent. For example, 
it has been shown that most healthy people over 50 in Finland do not meet ACR criteria for 
remission [6]. Overall, more realistic criteria was necessary for accurately reporting outcomes 
in clinical trials. 

Disease activity score 

The disease activity score (DAS) was developed to assess disease activity in early RA [7]. 
The original DAS includes four variables: Ritchie articular index (RAI) of tender joints [8], 
a 44-swollen joint count (SJC), erythrocyte sedimentation ration (ESR), and global health 
visual analogue scale (VAS) [7]. This was modified to a DAS28 that includes an account of 28 
tender and swollen joints [9]. A DAS28 <2.6 and DAS <1.6 corresponded to ACR remission 
criteria. However, these composite indices have been validated against the modified ACR 
remission criteria, and patients may fulfill criteria for remission yet have ongoing tender and 
swollen joints. 

The simplified disease activity index 

The simplified disease activity index (SDAI) score is a continuous numerical index of disease 
activity validated in RA [10]. The index ranges from 0.1 to 86. The clinical disease activity 
index (CDAI) omits C-reactive protein (CRP) levels and ranges from 0-76. It is the only 
composite index to measure remission that does not include a laboratory measure and hence 
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can be calculated immediately. The cut-off for remission for SDAI and CDAI is <3.3 and <2.8 
respectively, which allows for less disease activity than DAS28 <2.6; hence, the SDAI has been 
described as a more accurate measure of remission as it allows for less residual disease [11] . 

American College of Rheumatology/European League Against Rheumatism 
2011 remission criteria 

The need for new remission criteria was based on the problems with the old criteria. The 
American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) 
committee members, who began work in 2007, had decided that a truly useful definition of 
remission would reflect ‘absence of disease activity’ and would represent a state, rather than 
a transition between states [12]. The chosen criteria should predict absence of X-ray damage 
progression, good functional outcomes, future remission, and minimal disease activity (ie, 
show stability) (Table 5.2). Two criteria for defining remission were determined: 

• the SDAI, as fulfillment of this remission criteria was associated with a positive 
likelihood ratio of 4.77 for radiographic and functional stability; or 

• scores for the following measures are all <1: tender joint count, swollen joint count, 
CRP (mg/dL), and patient global assessment (0-10 scale; positive likelihood ratio for 
radiographic and functional stability is 7.18). 

There are potential weaknesses to these criteria and it should be remembered that the criteria 
are ‘preliminary’ and therefore subject to modification. The sensitivities and likelihood ratios 
for predicting a very good outcome in terms of X-rays and function were relatively modest for 
all evaluated sets of criteria. For example, the proportion of patients with good outcomes on 
X-ray using the two proposed criteria sets were 77%, meaning that a substantial proportion 
(23%) still progress radiographically [12]. Also, the criteria were based on datasets from clinical 
trials, which provide complete and long-term follow-up data for a large number of patients, but 
only include selected subgroups of patients. The criteria do not included imaging assessments. 

An observational cohort has confirmed rates of continued radiographic progression of 
20% in patients fulfilling ACR/EULAR 2011 remission criteria but, interestingly, similar rates 
were also observed for the other remission criteria: 24% of patients in SDAI remission, 19% in 
CDAI remission, and 30% in DAS28-CRP remission [13]. There were no significant differences 
between the groups in disease duration, antibody status, or treatment. The positive likelihood 
ratio for good radiographic outcome was 2.6 for ACR/EULAR criteria, 2.1 for SDAI, 2.8 for 
CDAI, and 1.5 for DAS28-CRP (Figure 5.3) [13]. 
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Active foot or ankle synovitis 

There has also been much debate with regards to the use of the 28-joint-count assessment 
required to calculate the DAS28 and SDAI. A DAS28<2.6 allows for a considerable number 
of tender and swollen joints and it has been suggested that it will misclassify 13/100 patients 
in remission [14]. Also, the DAS28 does not include assessment of feet and ankles, which has 
caused some debate [14-17]. Wechalekar et al have identified that significant proportions 
of patients with early RA treated with DMARDs fulfilling the validated remission criteria 
have ongoing foot synovitis (Table 5.3) [18]. However, data presented by the ACR/EULAR 
committee suggest that the impact of misclassification on long-term outcome is small. 

Imaging remission 

The use of sensitive imaging modalities (MRI/US) have allowed direct visualization of the 
synovium and have been validated to assess structural damage and inflammation. US can 
be used to assess two aspects of synovitis: its morphology and quantity using grayscale (GS) 
and synovial vascularity as measured by color or power Doppler (PD). It is the latter com- 
ponent that has attracted particular attention as this has been shown to better correlate with 
the activity of the inflammatory process than GS alone [19,20]. MRI bone edema (osteitis) is 
considered to be the best predictor of future joint damage [21]. 

Ultrasound has been used in studies to assess remission patients and a summary of the key 
papers relating to US and remission is given in Table 5.4 [3,22-28]. To date, there is no validated 
definition of US -defined imaging remission with studies using both stringent (ie, the complete 
absence of PD and GS) and less stringent definitions. The majority of US scoring methods are 
based on a semi- quantitative scale from 0-3 where 0=none, l=mild, 2=moderate, and 3=severe 
[29]. The total score for each patient was calculated by summing the corresponding scores for 
each joint region. Questions remain as to whether aiming for imaging remission is achievable, 
how it should be defined, and whether it is treatable. There are a number of considerations: 
for example, the number of joints to be scanned, which scoring systems should be used (and 
what cut-offs), and likelihood of concurrent osteoarthritis. The studies described in Table 5.4 
have used between 5 and 42 joints. For US to be a practical and feasible imaging modality, 
identifying the minimal number of joints scanned that still provide the maximum amount of 
clinically and patient-relevant information is crucial. This section of the chapter will present 
evidence for the presence of imaging-detected synovitis and the clinical significance where 
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data are available. There is a drive to include imaging assessments in remission criteria but 
as discussed, there are many unanswered questions. 

Detection of imaging-detected inflammation 

In patients treated with DM ARDs, discrepancies have been documented between clinical find- 
ings and long-term outcomes [30,31]. Some have explained this phenomenon as dissociation 
between synovitis and erosive damage [32] but it could be that clinical measures of disease 
activity are insensitive to detect synovitis especially in low disease-activity states. 

Brown et al confirmed that patients in remission, as defined by the treating rheumatologist, 
continue to progress radiographically, as illustrated in Figure 5.4, which shows the cumulative 
probability distribution of the percentages of symptomatic and asymptomatic patients with 
a given change in total radiographic (X-ray score [smallest detectable change {SDC}]) [22]. A 
statistically significant 19% of the total cohort had worsening of total X-ray score that exceeded 
the SDC; 11% and 12% of patients who fulfilled ACR or DAS28 remission criteria, respectively, 
had radiographic progression by 12 months. The same cohort underwent detailed clinical and 
imaging assessments at baseline. In this cohort of remission patients with established RA 
(median 7 years), about 50% of the patients had increased PD activity and bone marrow edema 
(Figure 5.5; Table 5.5). Similar results have been described in other studies [25-27], but with 
evidence that patients with early RA in remission on DMARDs have less imaging synovitis 
when compared to patients with long-standing disease. Of particular importance, the PD score 
for the dominant hand metacarpophalangeal (MCP) joints was also significantly associated 
with radiographic progression anywhere in the hands and feet (P= 0.0036). Furthermore, in 
patients with no painful, tender, or swollen joints, 16% experienced radiographic progression 
that was predicted by baseline PD activity. At 12 months, 11% of patients who satisfied ACR 
remission criteria and 12% of patients who satisfied DAS28 remission criteria progressed 
radiographically. Looking at progression in individual joints, no clinical findings at baseline 
were significantly associated with an increased likelihood of progression. However, a positive 
PD signal (odd ratio [OR] =12.21; P<0.001), the scores for the PD (OR=4.00; P<0.001), synovial 
hypertrophy (OR=2.31; P= 0.0032), and MRI synovitis (OR=2.98; P= 0.002) were associated 
with significantly higher odds of progression (Table 5.6). 

MRI studies involving patients in remission have used cohorts that have included patients 
treated with DMARDs and biologies. MRI characteristics of patients in remission (99% on 
DMARDs, 15% on biologies) was published recently [34]. This study evaluated 294 patients 
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in DAS28 remission and low-disease activity (LDA). MRI of the unilateral wrist and/or MCP 
joints 2-5 were acquired and synovitis, erosions, and osteitis were defined and scored accord- 
ing to the Outcome MEasures in RA Clinical Trials RA MRI Scoring system (OMERACT 
RAMRIS) [35]. Osteitis (bone edema) is a known independent predictor of subsequent bone 
erosions [36]. MRI inflammation was detected in the majority of patients, with synovitis 
and osteitis in wrist and/or MCP joints in 95% and 35% of patients, respectively (Figure 5.6) 
[34]. Furthermore, MRI-detected osteitis and bone erosion scores were significantly lower 
in patients with early RA (<1 year) in remission compared to those with established RA 
(>1 year), but there was no difference in synovitis scores (Figure 5.7) [34]. Also, in a population 
of patients in DAS28 remission or FDA (83.5% on DMARDs, 13% on biologies, and 44.7% 
on oral prednisolone), MRI-detected synovitis and bone marrow edema (BME) were present 
at baseline [20]. BME was a predictive factor of MRI-determined structural progression in 
patients with RA in clinical remission or with FDA [20]. 

Imaging-detected synovitis predicts flare of disease in patients in DMARD- 
induced clinical remission 

US-determined PD activity predicts disease flare in patients in DMARD-induced clinical 
remission. 35% of patients with increased PD at baseline had a flare, compared with 11% of 
those with no PD activity (OR=4.08 [1.26-13.19]; P=0.014), giving a sensitivity of 83% (95% 
confidence interval [Cl]; 62-95%), specificity of 45% (33-57%), positive predictive value of 
35% (23-48%), and negative predictive value of 89% (72-96%) [37]. There was also evidence 
that the number of joints scoring >0 for PD at baseline was associated with subsequent flare 
(OR=1.43 [1.01-2.02]; P=0.044) [37]. There were no substantive associations with the presence 
of GS synovial hypertrophy or the number of joints showing GS synovial hypertrophy at 
baseline. Although of importance to those without access to US, flare was also associated with 
poor baseline function and quality of life (QoF) measures: Health Assessment Questionnaire 
Disability Index (HAQ-DI; OR per 0.1 unit=1.27 [1.07-1.52]; P=0.006) and RAQoF (OR=1.10 
[1.01-1.20]; P=0.036) (Figure 5.8). 

Role of imaging in patients in TNF blocker-induced clinical remission 
Unlike the data for patients in DMARD-induced clinical remission, there is overwhelm- 
ing evidence that treatment with TNF-blocker therapy or other biologies is associated with 
superior radiographic outcomes when compared to MTX monotherapy (Figure 5.9) [38]. 
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Studies have confirmed the presence of US -detected imaging synovitis in patients treated with 
TNF-blocker therapy but data regarding the long term clinical, functional, and radiographic 
impact are scarce [38]. Furthermore, it had been postulated that patients in remission treated 
with TNF-blocking therapy would have less imaging-detected synovitis when compared to 
patients in remission treated with DMARDs [24]. 

The joints of matched patients with disease in remission induced either by the combina- 
tion of TNF blockade and MTX or by DMARD therapy were imaged for US synovitis [24]. 
Complete remission according to imaging results (using a GS synovitis score of 0 and a PD 
activity score of 0) was seen in 10% of patients in the combination treatment group compared 
with 16% of patients in the DMARD group (P=not significant). However, while more patients 
in the combination treatment group than in the DMARD group had a power Doppler activity 
score of 0 (52% versus 40%; P=0.229), significantly more patients in the combination treatment 
group had a GS synovitis score >2 (PcO.OOl) [24]. There were, however, differences in disease 
duration and duration of remission between the groups (Figure 5.10). 

Thus, data have been presented in this chapter that confirms the usefulness of imaging 
assessments in patients in clinical remission. Patients can fulfill clinical criteria for remission, 
yet still have evidence of synovitis detectable both clinically and by ultrasound, and this has 
been shown to produce structural damage and predict flare. The failure of clinical examination 
to correlate with PD activity and GS synovial hypertrophy maybe due to the fact that clinical 
scores are not stringent enough (ie, a patient may fulfill the current definitions of remission 
yet have clinical evidence of ongoing disease activity [eg, tender or swollen joints]). However, 
classifying patients using more stringent remission criteria resulted in reduced signs and 
symptoms of inflammation, but the percentage of joints with PD activity was not reduced, 
even in those without signs or symptoms (Figures 5.11 and 5.12) [28]. 

Immune-mediated remission 

For a patient to be in complete remission, there should be the absence of clinical signs and 
symptoms of the disease (no tender or swollen joints plus normal inflammatory markers), 
minimal evidence of imaging-detected synovitis, and normalization of the immune system. 
Evidence has emerged that T cell subsets can be used to improve the remission assessment and 
have clinical prognostic importance. Of relevance to this chapter, data have been published 
suggesting that achieving normalization of the immune system, as determined by levels of 
naive cells, T regulatory cells, and other abnormally differentiated T cells, is associated with 
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sustained clinical remission after stopping TNF blocker therapy (Table 5.7) [3]. Further work 
in this area is required. 

A multi-biomarker disease activity (MBDA) blood test has recently been validated. The 
MBDA test employs an algorithm to combine the levels of 12 serum biomarkers in a pre- 
specified algorithm into a single score from 1 to 100 to provide an objective measure of RA 
disease activity [39]. A score of <25 indicates remission, whereas scores falling into the ranges 
26-29, 30-44, and >44 indicate low, moderate, and high RA disease activity, respectively. A 
high MBDA score is associated with radiographic progression in patients in DAS28 remis- 
sion (Figure 5.13) [39]. 

Drug-free remission 

EULAR has published 15 recommendations for the management of RA [2]. Amongst these, 
it is recommended that if a patient is in remission, after having tapered steroids, one can 
consider tapering biological DMARDs, especially if this treatment is combined with a syn- 
thetic DMARD [2]. In cases of sustained long-term remission, cautious titration of synthetic 
DMARD dose can be considered, as a shared decision between patient and doctor. Data exist 
for drug-free and biologic-free remission and will be discussed. 

DMARD-free remission 

Established rheumatoid arthritis 

The quest for drug-free remission for patients with RA is longstanding. It was especially 
significant when therapeutic options were limited by significant toxicity and poor patient 
compliance. Several small randomized controlled trials published in the 1970s and 1980s 
suggested that long-term maintenance therapy with DMARDs was effective in preventing 
flares of disease [40-43]. A 52 -week randomized, double-blind, placebo-controlled, multi- 
center study was conducted to assess the effect of stopping DMARD therapy in 285 patients 
with RA [44]. The main study endpoint was flare of disease, as defined by recurrence of clini- 
cal synovitis at which point protocol medication (DMARD/placebo) was discontinued and 
therapy with original DMARD was recommenced (Figure 5.14) [45]. Disease flares occurred 
in 53 patients from the placebo group and in 30 patients from the continued treatment group. 
The cumulative incidence of flare after 52 weeks was 38% for placebo and 22% for continued 
treatment (P= 0.002) [45]. 
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Early rheumatoid arthritis 

It would be expected that the advent of treat to target approaches to patients with RA and 
early treatment would convey an additional advantage and create a remission state that was 
sustainable even after cessation of drug-free therapy. Van der woude et al investigated the 
prevalence of and prognostic factors for sustained DMARD-free remission in two large, 
independent inception cohorts (Leiden Early Arthritis Clinic and from the British Early 
Rheumatoid Arthritis Study) of RA patients treated with conventional therapy) (Figure 5.15) 
[46]. A very stringent definition of remission was used in the study: the sustained absence of 
synovitis for at least 1 year after the discontinuation of therapy with DMARDs. Sustained 
DMARD-free remission was achieved by 9.4-15% of patients. Clinical predictors of drug-free 
remission included acute onset, short symptom duration before inclusion, not smoking, little 
radiographic damage at baseline, absence of IgM rheumatoid factor (IgM-RF), and absence of 
HLA shared epitope alleles. Multivariate analyses revealed symptom duration and the absence 
of autoantibodies (anti-cyclic citrullinated peptide 2 and IgM-RF) as independent predictors. 

The BeSt study has provided further evidence for drug-free remission [47]. In this multi- 
centre, randomized clinical trial, 508 patients were recruited and allocated to one of four 
treatment strategies: group 1: sequential monotherapy; group 2: step-up combination therapy; 
group 3: initial combination with tapered high-dose prednisolone; group 4: initial combination 
therapy with infliximab. The goal of each treatment arm was to reach and sustain a DAS44 
<2.4, indicating low disease activity. If patients maintained a DAS44 <2.4 for at least 6 months, 
treatment was decreased gradually and subsequently stopped [47]. During the study period, 
64% of patients achieved a DAS <2.4 for at least 6 months and therapy with infliximab was 
discontinued. Of these patients, 52 were in clinical remission (DAS<1.6) when therapy was 
stopped and 56% were able to permanently discontinue infliximab during the 2-year follow- 
up period [47]. Additionally, of the 77 who discontinued treatment, 10 patients (13%) flared 
after discontinuing infliximab for a median of 3.7 months and 8 regained previous levels of 
disease control after reintroduction of infliximab (DAS <2.4) [47]. 

The 5 -year analysis of the 508 patients showed that drug-free remission could be achieved 
with no significant differences between the four groups (Table 5.8). During 5 years of DAS- 
steered treatment, nearly 25% of patients with RA achieved drug-free remission and 46% 
restarted DMARD monotherapy because of a relapse, the majority of whom again achieved 
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clinical remission within 3-6 months without showing radiological progression during the 
relapse (Figure 5.16) [46,48]. 

Biologic-free remission 

The question of when and for whom TNF-blocker therapy be stopped was addressed by Saleem 
et al [3]. Of the 47 patients in DAS28 remission who stopped TNF-blocker therapy, 40% sus- 
tained remission [3]. Sustained remission was associated with shorter duration of disease (18 
versus 72 months; PcO.OOOl), lower HAQ scores (0 versus 0.5; P=0.012), and lower RAQoL 
scores (0 versus 3.0; P=0.039) but no difference in duration of remission (10 versus 12 months; 
P=0.31) when compared to patients that flared (Table 5.9). Significantly more patients in the 
late treatment group flared (17/20 versus 11/27) than in the early disease group (P<0.001), 
with only 3 patients (15%) in this group able to sustain remission after withdrawal of therapy. 
Flare of disease in this group occurred a median of 4 weeks (interquartile range [IQR] : 2-10 
weeks) after stopping therapy, in contrast to much later in the early treatment group (median: 
14 months; IQR: 9-24 months). 

Optimal dose reduction regimes for patients in remission 

Sustained drug-free remission is uncommon and biologic-free remission is more likely if 
combination TNF-blocker and MTX is used as first-line therapy [3]. There are, however, 
no guidelines regarding the optimal method of dose reduction. Smolen et al have provided 
evidence that dose reduction of etanercept is effective in maintaining a remission state [49]. 
Patients with moderate disease activity (DAS28>3.2 and <5.1) despite MTX therapy were 
recruited into the initial open-label phase of the study and received etanercept and MTX for 
36 weeks. At this point, if the patient achieved sustained LDA, they were randomly assigned 
(1:1:1) to one of three treatment groups: 50mg etanercept plus methotrexate, 25mg etanercept 
plus methotrexate, or placebo plus methotrexate. Patients were stratified in blocks of three by 
DAS28 response (eg, LDA or remission) at week 36. The primary endpoint was the propor- 
tion of patients with low disease activity at week 88 in the groups given 50 mg etanercept or 
placebo in the double-blind period. Whilst these results are very promising (Figure 5.16), for 
patients in the UK, TNF-blocker therapy is not available unless patients fulfill a DAS28 >5.1 
on two occasions at least 4 weeks apart after failing at least two DMARDs. However, these 
data do provide a compelling argument for treatment with TNF-blocker therapy in patients 
with moderate disease activity. 
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Year of publication 


Figure 5.1 An exponential rise in the number of publications relating to remission. The graph shows the dis- 
proportional increase of studies on remission of rheumatoid arthritis (white bars) when compared to studies of 
treatment of rheumatoid arthritis (yellow bars) over the years. Reproduced with permission from Aletaha [ 1 ] ©BMC. 
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Figure 5.2 Levels of rheumatoid arthritis disease activity measures are associated with X-ray progres- 
sion. Correlation with changes in Larson score over 3 years. CDAI, Clinical Disease Activity Index; DAS28, 
28-joint Disease Activity Score; SDAI, Simplified Disease Activity Index. Reproduced with permission from 
Aletaha et al [4]©BMJ. 
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Definition Calculation/definition Remission criteria 

DAS28 0.56*Vi (TJC28) + 0.28*Vl (SJC28) + <2.6 

0.36*ln(CRP+l) + 0.014*GH + 0.96 

SDAI TJC28 + SJC28 + CRP + PTglobal + <3.3 

PHYglobal 

CDAI TJC28 + SJC28 + PTglobal + PHYglobal <2.8 


ACR (1981) 


Early morning stiffness (<15 minutes) 

No fatigue 

No joint pain on history 

No joint tenderness or pain on motion 

No soft tissue swelling in joints or tendon 
sheaths 

Normal inflammatory markers 


5 or more, for 2 
consecutive months 


ACR/EULAR 2011 (Boolean ) TJC28* & SJC28* & CRP & PTglobal All <1 

Table 5.1 Clinical definitions of remission. ACR, American College of Rheumatology; CDAI, clinical disease 
activity index; CRP, C-reactive protein (mg/L for 28-joint disease activity score [DAS28]-CRP; mg/dL for other 
definitions); GH, general health (on a 0-100 mm Visual Analogue Scale [VAS]); PHYglobal, physicians global 
assessment on a 0-10 cm VAS; PTglobal, patient’s global assessment on a 0-10 cm VAS; SDAI, simplified disease 
activity index; SJC28, 28 swollen-joint count; TJC28, 28 tender-joint count. 



% in remission 
with good 
outcome 

% NOT in 

remission with 
good outcome 

Positive 

likelihood ratio 

P-value 

TJC28, SJC28, CRP <1 

46% 

17% 

3.2 

<.0001 

+ PtGA < 1 

66% 

17% 

7.2 

<.0001 

+ Pain < 1 

60% 

17% 

5.7 

<.0001 

+ PhGA and PtGA < 1 

68% 

17% 

8.0 

<.0001 

+ PhGA and Pain < 1 

64% 

18% 

6.7 

<.0001 

+ PtGA and Pain < 1 

64% 

17% 

6.8 

<.0001 

+ PhGA, PtGA and Pain < 1 

67% 

18% 

7.5 

<.0001 


Table 5.2 Predictive validity of the proposed remission definitions for good outcome in radiographic dam- 
age and functional outcome. Good radiographic outcome was defined as a change of <0 in Sharp/van der Heijde 
scores between 12 and 24 months after baseline; good outcome on the Health Assessment Questionnaire (HAQ) 
was defined as a change of <0 and a score of <0.5 at both the 12-month and 24-month time points. CDAI, clinical 
disease activity index; CRP, C-reactive protein; DAS28, 28-joint disease activity score; PhGA, physician/ob server 
global assessment; PtGA, patient global assessment; SDAI, simplified disease activity index; SJC, swollen joint 
count; TJC, tender joint count. Adapted with permission from Felson et al [12] ©BMJ. 
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Figure 5.3 Cumulative probability plot for patients in remission according to DAS28-CRP, SDAI, CDAI and 
ACR/EULAR criteria at baseline. Each dot represents the annual change in TSS (y-axis) for an individual patient. 
ACR, American College of Rheumatology; CDAI, clinical disease activity index; DAS28-CRP, 28-joint disease activ- 
ity and C-reactive protein score; EULAR, European League Against Rheumatism; SDAI, simplified disease activity 
index; TSS, van der Heijde- modified Sharp score. Reproduced with permission from Lillegraven et al [13] ©BMJ. 


Remission criteria Percentage of patients with foot synovitis (%) 

DAS28-ESR <2.6 43 

CDAI <2.8* 28 

SDAI <3.3* 27 

2011 ACR/EULAR* (Boolean criteria) 22 

Table 5.3 Prescence of foot synovitis in patients meeting remission criteria at 6 months after starting disease- 
modifying antirheumatoic drugs. ACR, American College of Rheumatology; CDAI, clinical disease activity index; 
DAS28-ESR, 28-joint disease activity using erythrocyte sedimentation rate score; EULAR, European League Against 
Rheumatism. *28-joint-count. Adapted with permission from Wechalekar et al [18] ©Wiley. 
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Author 

Year 

Number of patients (n) 

Treatment(s) 

Definition of clinical 
remission for inclusion 
into study 

Brown et al 
[22] 

2006 

107, late 

(dd median 7 years; 

2-38 years) 

DMARD 

As defined by treating 
rheumatologist 

Wakefield et 
al [23] 

2007 

10, early (dd median 6 
months; 3-11 months) 

Anti-TNF 

DAS28 <2.6 

NB: Patients had active 
disease at inclusion 

Saleem et al 
[24] 

2009 

100, late (dd median 120 
months; 72-183 months) 

50 DMARD, 

50 Anti-TNF 

DAS28<2.6 

Balsa et al 
[25] 

2009 

97, late (dd mean 5.9 years) 

DMARD, 

biologic 

As defined by treating 
rheumatologist 

Scire et al 
[26] 

2009 

106, early 

DMARD 

DAS<1.6 

Peluso et al 
[27] 

2011 

94 

(48 early: 6.9 months +/- 3; 

46 late: 118.9 months +/- 
71.7) 

Early: DMARD 
+/- Anti-TNF 

Late: All DMARD 
+/- Anti-TNF 

DAS<1.6 

Saleem et al 
[28] 

2010 

47 (27 early: dd 19 months; 

20 late: dd 120 months) 

All DMARD and 
Anti-TNF 

DAS28<2.6 

Saleem et al 
[29] 

2011 

128, late; (dd 8 years; 5-13 
years) 

DMARD and 

TNF blocker 

DAS28<2.6 


Table 5.4 Summary of key papers relating to ultrasound and remission in rheumatoid arthritis. ACJ, acro- 
mioclavicular joint; dd, differential diagnosis; DAS28, 28-joint disease activity score; DMARD, disease-modifying 
antirheumatic drug; GS, grayscale; MCPJ, metacarpophalangeal joint; MTP, metatarsophalangeal; PD, power 
Doppler; PIPJ; proximal interphalangeal joint; SH, synovial hypertrophy; SCJ, sternoclavicular; TNF, tumor necrosis 
factor. Data taken from [22-29]. 
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Joints scanned 


5 joints: 

dominant wrist and 
MCPJ2-5 

42 joints: shoulders, elbows, 
wrists, MCPJ,PIPJ, knees, 
ankles, MTPJ 

5 joints: dominant wrist and 
MCPJ2-5 

42 joints: shoulders, elbows, 
wrists, MCPJ, PIPJ, knees, 
ankles, TNJ and MTPJ 

44 joints: Shoulders, elbows, 
wrists, MCPJ, PIPJ, SCJ, ACJ, 
knee, ankle, MTP 

10 joints (12 joint areas): 
bilateral MCPJ 2-3, PIPJ 2-3, 
wrist (2 regions) 

5 joints: dominant wrist and 
MCPJ2-5 

5 joints: 

dominant wrist and 
MCPJ2-5 


Definition of ‘imaging remission’ 


Used a semi-quantitative score 
Did not define imaging remission 


Semi-quantative score for GS and PD 
Remission defined as absence of GS and PD 


Semi- quantitative score for GS and PD 

Remission defined as absence of GS and PD 

Semi- quantitative for GS and PD 

Remission defined as an absence of joints with a PD 
signal 

Semi- quantitative score for PD and GS; did not define 
imaging remission; calculated a summative score 


Used 3 definitions: active synovitis (SH and PD), US 
remission: no SH or PD 
Inactive synovitis: SH but no PD 


Semi- quantitative score for GS and PD 
Remission defined as absence of GS and PD 

Semi- quantitative score 

Imaging remission: 1. no GS or PD; 

2. low disease activity (GS <1) and PD=0 

3. PD=0 

4. PD<1 


Time to scan 
(minutes) 

30 

50 

30 

45 (including 
documentation 

60 

Not documented 

30 

30 
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Figure 5.4 Cumulative probability distribution of the percentages of symptomatic and asymptomatic patients 
with a given change in total radiographic X-ray score. XR, X-ray radiography. Reproduced from Brown et al 
[33] ©Wiley. 
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Figure 5.5 Imaging detected synovitis in patients with RA in clinical remission. Axial section of a T1 spectral 
presaturation with inversion recovery, postgadolinium magnetic resonance imaging scan of the metacarpophalangeal 
(MCP) joints of the right hand of a patient with rheumatoid arthritis in clinical remission, demonstrating synovitis 
in the second MCP joint, flexor tenosynovitis of the third flexor tendon, and extensor tenosynovitis of the third and 
fourth extensor tendons (a). Longitudinal section of an ultrasonography scan of the second MCP joint of the right 
hand of a patient with RA in clinical remission, demonstrating grayscale changes of synovial hypertrophy (b). L, left. 


Variable 

DAS28 remission criteria 

1981 ACR remission 

criteria 

Ultrasound 



Patients with synovial hypertrophy no. (%): 

48 (84.2) 

47 (81.0) 

Patients with increased power Doppler signal 

29 (50.9) 

32 (55.5) 

no. (%): 



MRI 



Patients with synovitis, no (%): 

51 (96.2) 

49 (96.1) 

Patients with bone marrow edema, no (%): 

28(51.9) 

25 (47.2) 


Table 5.5 Criteria for remission. American College of Rheumatology (ACR) criteria and 28-joint disease activity 
score (DAS28) scores compared with imaging measures of disease activity Adapted with permission from Brown 
et al [33] ©Wiley 
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Baseline variable 

No radiographic 
progression 

(n=370) 

Radiographic 

progression 

(n=10) 

OR (95% Cl) 

P-value 

Clinical findings, no. (%) of patients 

Painful joint count 

12 (3) 

1(10) 

3.32 (0.39,28.30) 

0.273 

Tender joint count 

18(5) 

1(10) 

2.17(0.26,18.10) 

0.473 

Swollen joint count 

75 (20) 

3(30) 

1.69 (0.43,6.67) 

0.457 

Imaging findings 

US SH score, median (IQR) 

1(0-1) 

1 (0-2) 

2.31 (1.06,5.52) 

0.032 

US PD score, median (IQR) 

0 (0-0) 

0.5 (0-2) 

4.00(1.98,8.08) 

<0.001 

MRI synovitis score, median (IQR) 

0(0-1) 

2.5 (0-3) 

2.98(1.49,5.97) 

0.002 

MRI BME score, median (IQR) 

0 (0-0) 

0 (0-0) 

2.26(0.98,5.22) 

0.057 

No. (%) US SH positive 

203 (55) 

7(70) 

1.92 (0.49, 7.54) 

0.350 

No. (%) US PD signal positive 

28 (8) 

5(50) 

12.21 (3.34, 44.73) 

<0.001 


Table 5.6 Associations between the clinical and imaging findings at baseline and radiographic progression in 
individual joints (dominant-hand metacarpophalangeal joints) over 12 months. BME, bone marrow edema; 
Cl, confidence interval; IQR, interquartile range; MRI, magnetic resonance imaging; OR, odds ratio; PD, power 
Doppler; SH, synovial hypertrophy; US, ultrasound. Reproduced with permission from Brown et al [33] ©Wiley. 



Figure 5.6 Frequencies of synovitis, osteitis, and erosions in patients with clinical remission. Remission defined 
as 28-joint disease activity score (DAS28) <2.6. MCP, metacarpophalangeal joint. Reproduced with permission 
from Gandjbakhch et al [34] ©The Journal of Rheumatology Publishing Company. 
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RAMRIS osteitis 
(wrist + MCP) 



<1 year 
(n=114) 


>1 year 
(n=180) 


Figure 5.7 Magnetic resonance imaging osteitis in patients with early rheumatoid arthritis and late rheumatoid 
arthritis in clinical remission or low disease activity state. IQR, interquartile range; MCP, metacarpophalangeal 
joint; Med, median; RAMRIS, rheumatoid arthritis MRI scoring system. Reproduced with Gandjbakhch et al [34] 
©The Journal of Rheumatology Publishing Company. 



No PD No SDAI 
No PD Yes SDAI 
Yes PD No SDAI 
Yes PD Yes SDAI 


Figure 5.8 The probability of flare from the regression model that included power Doppler (PD), Health 
Assessment Questionnaire Disability Index (HAQ-DI) and Simplified Disease Activity Index (SDAI) remission. 

For all four lines, the probability of flare increases with increasing HAQ-DI score. The presence of PD (solid lines) 
gives an increased probability of flare compared with absence of PD (dotted lines), but the difference between being 
in SDAI remission (green and red lines) or not (white and black lines) is comparatively much smaller. Reproduced 
with permission from Saleem et al [37]©BMJ. 
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Figure 5.9 Estimated annual radiographic progression and change of joint damage on therapy, (a) Change 
in Sharp (or van der Heijde-modified Sharp) score during methotrexate monotherapy or with methotrexate and 
tumor necrosis factor (TNF) inhibitor (infliximab [ASPIRE], adalimumab [PREMIER], or etanercept [TEMPO]), 
or with various disease-modifying drugs (80% methotrexate at study start) compared with tocilizumab mono- 
therapy (SAMURAI). Differences between treatment and methotrexate arms are significant (P<0.001 for all trials), 
(b) Change in Genant score in patients with inadequate response to methotrexate who continued this drug and 
received placebo, rituximab (plus methotrexate) (REFLEX), or abatacept (plus methotrexate) (AIM). Differences 
between treatment and placebo arms are significant: P<0.005 (rituximab); P=0.012 (abatacept). The estimated 
yearly progression rates were taken from the original reports of PREMIER and TEMPO and calculated from the 
respective means provided in the references for the other trials. Note the different scale when compared with (a). 
Reproduced with permission from Smolen et al [38] ©Lancet. 
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Figure 5.10 Patients in the combination tumor necrosis factor blocker group had more grayscale synovitis but 
no differences in power Doppler signal. DMARD, disease-modifying antirheumatic drug; GS, grayscale; IQR, 
interquartile range; PD, power Doppler; TNF, tumor necrosis factor. Reproduced with permission from Saleem 
et al [24] ©Wiley. 
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Figure 5.11 The relationship between stringent DAS28 subcategories of remission and total median power 
Doppler activity and total median grayscale synovial hypertrophy score per patients as detected by ultrasound. 

No significant difference was seen between the groups. DAS28, 28-joint disease activity score; GS, grayscale. 
Reproduced with permission from Saleem et al [28] ©BMJ. 
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Figure 5.12 The relationship between stringent Simplified Disease Activity Index subcategories of remission 
and total median power Doppler activity and total median grayscale synovial hypertrophy score per patients as 
detected by ultrasound. No significant difference was seen between the groups. SDAI, Simplified Disease Activity 
Index. Reproduced with permission from Saleem et al [28] ©BMJ. 
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Immunological data in remission 

n (%) 

achieving 

remission 

Exact OR (95% Cl) 

P-vali 

Naive (% of CD4 + T cells) 

<5.5 

2/7(28.6) 

reference 

- 


5.5-10.0 

3/6 (50.0) 

2.32 (0.16-44.95) 

0.825 


missing 

4/7(57.1) 

3.04 (0.24-55.30) 

0.592 


>10.0 

7/7(100.0) 

14.29(1.45-oo) 

0.021 

IRC (%ofCD4 + T cells) 

>44 

1/8(12.5) 

reference 

- 


28-44 

6/8 (75.0) 

16.20(1.09-1099) 

0.041 


missing 

3/3(100.0) 

12.27(1.02-oo) 

0.048 


<28 

6/8 (75.0) 

16.20(1.09-1099) 

0.041 

T eg CD25highFOXP3+ 

>2.2 

2/10(20.0) 

reference 

- 

(% of CD4 + T cells) 

1.5-2.2 

6/9 (66.7) 

7.03 (0.73-111.80) 

0.110 


missing 

1/1(100.0) 

2.67 (0.07-oo) 

0.546 


<1.5 

7/7(100.0) 

23.26(2.54-oo) 

0.004 

CD62F+ T 

reg 

<60 

1/5 (20.0) 

reference 

- 

(% of CD25highFOXP3+ T ) 

60-70 

5/6(83.3) 

13.45 (0.60-1175) 

0.134 


missing 

6/11(54.6) 

4.36 (0.29-354.80) 

0.462 


>70 

4/5 (80.0) 

10.91 (0.45-979) 

0.206 


Table 5.7 Univariate analysis of immunological predictors of sustained remission. Exact odds ratio [OR] and 
confidence interval [Cl]. CD4, cluster of differentiation 4; FOXP3, forkhead box P3; IRC, inflammation-related 
cells; T , regulatory T cells. Reproduced with permission from Saleem et al [3] ©BMJ. 


DAS28-CRP remission (n=83) 

RR=1.50*- 87% 



ASHS>0 ASHS>3 ASHS>5 

RR (95% Cl): 1.50* (1.16, 1.85) 2.28* (1.13, 3.68) 3.07* (1.08, 5.47) 


Sharp score change threshold for progression 

Figure 5. 1 3 A high multi-biomarker disease activity score for subjects in 28-joint disease activity and C-reactive 
protein score remission indicates increased risk of radiographic progression. Cl, confidence interval; DAS28- 
CRP, 28-joint disease activity and C-reactive protein score; MBDA, multi-biomarker disease activity; RR, response 
rate; SHS, Sharp/van der Heijde score. Reproduced with permission from van der Helm-van Mil et al [39] ©OUP. 
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Patients included in placebo-controlled study 

(n=285) 


Randomized to continued treatment 
with second-line drugs (n=142) 


Randomized to replacement of second- 
line drug by placebo (n=143) 


RA flared (22%) 


Sustained 
remission (78%) 


RA flared (38%) 


Sustained 
remission (62%) 


Resumption of same second-line drug 
(n=51) 


Figure 5.14 Flow diagram illustrating patient numbers and percentages at all stages of the placebo-controlled 
treatment discontinuation study until the inclusion of 51 patients whose disease flared into the present second- 
line treatment resumption study. RA, rheumatoid arthritis. Reproduced with permission from ten Wolde et al 
[45] ©BMJ. 



Sequential 

monotherapy 

n=126(%) 

Step-up therapy 
n=121 (%) 

Initial combination 
with prednisone 
n=133 (%) 

Initial combination 
with infliximab 
n=128 (%) 

Drug-free indefinitely 

31 

24 

24 

36 

Still drug-free at 5 years 

14 (45) 

14(58) 

10 (42) 

21(58) 

Restarted DMARD 
monotherapy 

15(48) 

9(38) 

14(58) 

15(42) 

Lost to follow-up 

2(6) 

1(4) 

0(0) 

0(0) 


Table 5.8 Overview of the distribution of patients who achieved drug-free remisson. DMARD, disease-modifying 
antirheumatic drug. Data are presented as n (%). 
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Figure 5.15 Predictors of sustained disease-modifying antirheumatic drug-free remission, (a) Kaplan-Meier 
curves of the percentage of patients with sustained disease-modifying antirheumatic drug (DMARD)-free remis- 
sion in the Leiden Early Arthritis Clinic (EAC) cohort compared with the British Early Rheumatoid Arthritis Study 
(ERAS) cohort, (b) Kaplan-Meier curves of the percentage of patients in the Leiden EAC cohort with sustained 
DMARD-free remission, stratified by period of inclusion. Differences between the different strata were not sig- 
nificant (P= 0.52 by log rank test across all strata). The line representing the patients included from 1999 until 2002 
terminates at 8 years of follow-up because this was the maximum follow-up for patients in this stratum (data were 
collected in 2007). Reproduced with permission from van der Woude et al [46] ©Wiley. 
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Figure 5.16 Cumulative probability plot showing radiological joint damage progression in the first year after 
stopping the last disease-modifying antirheumatic drugs. Patients who remained in clinical remission (circles) 
versus patients who restarted treatment (triangles). The dashed line represents clinically relevant progression. SHS, 
Sharp -van der Heijde score. 
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Clinical features 

Sustained remission (n=19) 

Flare (n=28) 

P-value 

Disease duration until treatment (months) 

18(15-22) 

72 (22-207) 

<0.0001 

HAQ 

0 (0-0) 

0.5 (0-1.6) 

0.012 

RAQoL 

0 (0-2) 

3(0-11.5) 

0.039 


Table 5.9 Clinical characteristics in patients that sustained remission compared to those that flared after 
stopping tumor necrosis factor-blocker therapy. HAQ, Health Assessment Questionnaire; RAQoL, Rheumatoid 
Arthritis Quality of Life Questionnaire. Reproduced with permission from Saleem [3] ©BMJ. 



Figure 5.16 The proportion of patients in remission and low disease activity at week 88. DAS28, disease activity 
in 28 joints; ETN, etanercept; LDA, low disease activity; MTX, methotrexate; PBO, placebo; SDAI, simple disease 
activity index. Adapted with permission from Smolen et al [49] ©Lancet. 
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PART TWO 


Imaging of rheumatoid arthritis 



6 Magnetic resonance imaging in 
rheumatoid arthritis 

Mikkel 0stergaard, Mette Bjorndal Axelsen, Mikael Boesen 

Introduction 

Magnetic resonance imaging (MRI) provides multiplanar tomographical 
imaging with high soft tissue contrast without the use of ionizing radiation 
and allows assessment of all structures involved in rheumatoid arthri- 
tis (RA). MRI is more sensitive than clinical examination and conven- 
tional radiography (X-ray) for detecting inflammation and joint damage. 
Compared to ultrasonography (US), MRI provides better storage and docu- 
mentation of findings, allowing centralized reading and post-acquisition 
review by experts, better follow-up for tracking progressive bone damage, 
and is the only modality to visualize osteitis (bone marrow edema) [1]. 
Disadvantages of MRI include higher costs and lower availability than radi- 
ography, longer examination times, and restriction to a limited anatomical 
area per session. It should be remembered, however, that costs of MRI are 
only a small fraction of the cost of biological treatment or the indirect costs 
of sick leave and early retirement. 

Technical aspects 

MRI involves no ionizing radiation or increased risk of malignancies and 
adverse effects of the contrast agents are very rare [1]. However, contrast 
agent use in case of severely impaired renal function should be avoided due 
to risk of nephrogenic systemic fibrosis. The generally recommended MRI 
sequences for use in peripheral RA are: 

• Tl-weighted (Tlw) images in two planes, obtained before and after 
intravenous gadolinium (Gd)-containing contrast injection (Figures 
6.1 and 6.2); and 
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• a water- sensitive sequence: T2-weighted (T2w) fat-saturated/fat-suppressed (FS) or short 

tau inversion recovery (STIR) (Figures 6. 3 -6. 5). 

Contrast injection is recommended because it increases sensitivity for synovitis in 
peripheral joints [2,3]. 

Tlw imaging sequences are favored by relatively short imaging times, good anatomical 
detail, and the ability to visualize tissues with high perfusion and permeability, including 
the inflamed synovium, after intravenous Gd injection. Fat- and Gd-enhanced tissues have 
a high signal intensity on Tlw images (Figures 6. 1-6. 6). T2w images depict both fat and 
fluid/edematous tissues with a high signal intensity (Figure 6.6), and are particularly useful 
when FS techniques, in which the signal from fat is suppressed (ie, fat appears black), are 
applied. This allows detection of edematous tissue and fluid located in areas with fatty tissue 
(eg, bone marrow edema). FS is also frequently applied on Tlw images in order to more 
clearly visualize inflammation in synovium, tendon sheaths, and bursae (Figures 6. 6-6. 8). 
FS techniques require a homogenous field and high magnetic field strength (at least 1.0T), 
where the spectral separation between fat and water is sufficiently large. However, the STIR 
technique (Figure 6. 3-6. 8), which is based on relaxation time differences and is available on 
low field units, can provide comparable information [4]. 

Dedicated extremity MRI units (E-MRI) are smaller MRI units which can be used to 
examine peripheral joints. Some E-MRI units provide information on synovitis and bone 
destruction that is not markedly inferior to what is obtained by standard sequences on high- 
field units [4,5], but the performance of different machines varies. E-MRI increases the poten- 
tial for widespread use in clinical rheumatology due to markedly lower costs, more comfortable 
patient positioning, and elimination of claustrophobia. 

Recent developments which may improve the evaluation of RA are dynamic contrast- 
enhanced MRI (Figures 6.9 and 6.10), which may provide a more accurate assessment of 
inflammation and, thereby, constitute a better disease activity measure [6,7]. Whole-body 
MRI may allow examination and screening of all peripheral and axial sites in the body in one 
MRI examination (Figure 6.11) [8]. 

Visualizing rheumatoid arthritis 

MRI allows assessment of all the structures involved in RA, including synovial membrane, 
intra- and extra-articular fluid collection, cartilage, bone, ligaments, tendons, and tendon 
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sheaths (Figures 6. 1-6. 8). MRI and histopathological and miniarthroscopical signs of syno- 
vial inflammation are closely correlated [9,10]. MRI bone marrow edema (Figures 6.5 and 
6.7) represents inflammatory infiltrates in the bone marrow (ie, osteitis), as demonstrated 
by comparison with histological samples obtained at surgery in patients with RA [11,12]. 
Whereas erosions reflect bone damage that has already occurred, bone marrow edema appears 
to represent the link between joint inflammation and bone destruction. A high level of agree- 
ment for detection of bone erosions in wrists and metacarpophalangeal joints affected by 
RA (concordance at 77-90% of sites) between MRI and CT, using CT as the gold standard 
reference for detection of bony destruction, documents that MRI erosions represent true 
bone damage [13,14]. 

For the cervical spine, the primary imaging modality is CR, but MRI can provide detailed 
information on bone and soft tissue abnormalities, which can be a valuable supplement to 
radiographic evaluation (Figures 6.12-6.14) [15]. For example, MRI is able to directly visualize 
the synovium around the odontoid process (Figures 6.13 and 6.14). Cord compression seen 
on MRI, mainly due to instability in and around the odontoid process, has proven a better 
predictor for deterioration than initial clinical and conventional radiographic findings [16]. 

Diagnosing rheumatoid arthritis 

Two large follow-up studies of undifferentiated arthritis have documented an independent 
predictive value of MRI in the diagnosis of RA [17,18]. Presence of bone edema had a positive 
predictive value of 86.1% for subsequent development of RA and a prediction model using- 
clinical hand arthritis, morning stiffness, positive rheumatoid factor, and MRI bone edema 
score in metatarsophalangeal and wrist joints correctly identified the development of RA or 
non-RA in 82% of patients [17,18]. 

In the recently revised American College of Rheumatology (ACR)/European League 
Against Rheumatism (EULAR) 2010 criteria for RA [19], classification of definite RA is based 
on the presence of definite clinical synovitis (swelling at clinical examination) in one joint, 
absence of an alternative diagnosis that better explains the synovitis, and achievement of a total 
score >6 (of a possible 10) from the individual scores in four domains. In the joint involvement 
domain, which can provide up to five of the six points needed for an RA diagnosis, MRI and 
US synovitis can be used to determine the joint involvement [19-21]. 
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Monitoring disease activity and structural damage 

Semiquantitative scoring by the Outcome Measures in Rheumatology (OMERACT) RA MRI 
scoring system (RAMRIS) of synovitis, bone erosions, and bone edema is the method most 
often used in observational and randomized clinical trials. It is based on consensus MRI defini- 
tions of important joint pathologies and the aforementioned core set’ of basic MRI sequences 
[3]. A EULAR-OMERACT RA MRI reference image atlas has been developed, providing a 
easy-to-use tool for standardized RAMRIS scoring [22]. RAMRIS erosion scores are closely 
correlated with erosion volumes estimated by MRI and CT. The system has good intra- and 
inter-reader reliability and a high sensitivity to change, demonstrating that the system, after 
proper training and calibration of readers, is suitable for monitoring joint inflammation and 
destruction in RA [23]. An MRI joint space narrowing scoring system has also recently been 
developed [24]. MRI also allows quantitative (eg, volume; or, for synovitis, early contrast 
enhancement after intravenous contrast injection), as well as qualitative (eg, less detailed: 
presence/absence) evaluation of synovitis, bone edema, and bone erosions [6,7]. 

MRI allows for more sensitive monitoring of inflammation (Figures 6.1 and 6.2) and bone 
erosion than clinical and radiographic assessments [25-28]. A recent study of methotrexate- 
naive patients demonstrated that inhibition of erosive progression by biological therapy can 
be demonstrated by MRI using half as many patients and half of the follow-up time when 
compared to using radiography [28]. 

Prognostication 

Several studies have demonstrated a predictive value of MRI pathology in wrist and/or MCP 
joints to radiographic progression. In particular, bone marrow edema is now established as 
a strong independent predictor of subsequent radiographic progression in early RA [29,30]. 
Regression analyses in 3 -year and 5 -year follow-up in the two respective cohorts have docu- 
mented that MRI bone edema is a predictor of long-term radiographic progression [31,32]. 
Two small studies have indicated a relationship of baseline MRI findings with long-term 
functional disability and tendon rupture over a 6 -year period [33,34]. 

MRI synovitis is frequently found in patients in clinical remission (Figure 6.5) and MRI 
synovitis scores in individual joints are related to progressive radiographic damage at 1-year 
follow-up [35,36]. This encourages further exploration of using MRI to predict disease course, 
evaluate disease status, and define imaging remission. 
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Figure 6. 1 Magnetic resonance imaging (MRI) of the wrist of a patient with clinically active early rheumatoid 
arthritis (<6 months' duration). T1 -weighted MRI in the coronal (a, b) and axial planes (c-h), before (left col- 
umn) and after (right column) intravenous contrast injection, (c, d): Axial section through the distal radius and 
ulna, (e, f): Section through the proximal row of carpal bones, (g, h): An even more distal section through the 
hook of the hamate. An erosion is seen in the triquetrum (short thick arrows) in two planes. Marked synovitis is 
seen both in proximal and distal parts of the wrist joint (long arrows). Furthermore, flexor tenosynovitis is seen 
(thin short arrows). 


Atlas of Rheumatoid Arthritis 127 





Figure 6.2 Magnetic resonance imaging (MRI) of the wrist of patient with early rheumatoid arthritis after 
treatment with disease-modifying antirheumatic drug. Same patient as Figure 6. 1 . T 1 - weighted MRI in the (a, b) 
coronal and (c-h) axial planes, before (left column) and after (right column) intravenous contrast injection, (c, d): 
Axial section through the distal radius and ulna, (e, f): A section through the proximal row of carpal bones, (g, h): A 
more distal section through the hook of the hamate. The flexor tenosynovitis (thin short arrow) and particularly 
the synovitis have decreased markedly compared to before treatment (Figure 6.1). The erosion in the triquetrum 
(short thick arrow) is still seen. 
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Figure 6.3 Magnetic resonance imaging (MRIs) and X-ray of the hand and wrist of patient with rheumatoid 
arthritis with ulnar deviation and luxation of the metacarpophalangeal joints due to advanced severe disease. 

The displayed MRIs are (a) coronal T1 -weighted; (b) coronal short tau inversion recovery (STIR) ; (c) axial STIR 
(through metacarpals); and coronal T1 -weighted fat-suppressed before (d) and after (e) intravenous contrast 
injection. On top of ulnar deviation of the fingers, due to severe damage, MRI reveals marked synovitis in both 
wrist and metacarpophalangeal (MCP) joints (short arrows), as well as tenosynovitis in the second and third flexor 
tendons (long arrows). The corresponding hand and wrist X-ray (f) shows severe destruction in the MCP joints. 


Figure 6.4 Magnetic resonance imaging (MRI) of hand and wrist in a patient with early rheumatoid arthritis 
in clinical and imaging remission, (a) Coronal T1 -weighted; (b) short tau inversion recovery (STIR); and 3D 
gradient echo T1 -weighted images with fat suppression before (c) and after (d) intravenous contrast injection. No 
synovitis, bone marrow edema, or erosions are seen; only a slight effusion in the radioulnar joint (arrow). Note 
the homogenous shape and signal from the joint spaces in the visualized wrist and metacarpophalangeal joints, 
indicating normal cartilage. 
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Figure 6.5 Magnetic resonance imaging (MRI) of wrists in patients with clinical remission but not imaging 
remission, (a-d): Axial Tl-weighted MRI before (a-b) and after (c-d) intravenous contrast injection, in sections 
through the distal radius and ulna (a, c) and through the carpal bones (b, d). The patient is in clinical remission 
without clinical swelling or tenderness of the joint. Nevertheless, marked synovitis (arrows) is seen; (e) Coronal 
short tau inversion recovery (STIR) image of another patient in clinical remission, showing synovitis (long arrows) 
and bone edema (short arrows); (f) Coronal STIR image of another patient with rheumatoid arthritis, showing 
synovitis (long arrows) and bone edema (short arrows). Images a-e are courtesy of F. Gandjbahkch, Paris, France. 




Figure 6.6 Magnetic resonance imaging (MRI) of elbows of a patient with rheumatoid arthritis, (a-f): Left 
elbow, (a) Sagittal and (b) axial Tl-weighted; (c) sagittal T2-weighted; (d) sagittal and (e) axial Tl-weighted fat 
suppressed post-contrast; (f) coronal short tau inversion recovery (STIR) MRI sequences. Images show massive 
synovitis (thick white arrows) and erosion in the lateral humeral condyle (black arrow), (g— i): Right elbow, (g) Axial 
Tl-weighted; (h) axial STIR; (i) sagittal Tl-weighted fat- suppressed image after intravenous contrast injection. 
Massive synovitis (thick white arrows), erosion in the medial and lateral humeral condyles (g; black arrows), and 
bursitis olecrani (e, f, h, i; thin white arrows). 
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Figure 6.7 Magnetic resonance imaging (MRI) of the ankle and hindfoot of a patient with rheumatoid arthritis. 

(a-f): Sagittal T1 -weighted MRI before (a-c; with fat suppression) and after (d-f; with fat suppression) intravenous 
contrast injection, through three different sections of the ankle and hindfoot. (g) axial T1 -weighted; (h) axial short 
tau inversion recovery (STIR); (i) coronal STIR MRI. The images show erosion in the medial malleolus (long thin 
arrow), tenosynovitis at the tibialis posterior tendon (long thick arrows), bursitis in the retrocalcaneal bursa (short 
thick arrow), synovitis in the ankle joint (long dashed arrow), bone marrow edema in the talus (short thin arrow), 
and a rheumatoid nodulus in the heel fat pad (short dashed arrow). 


Figure 6.8 Knee of patient with rheumatoid arthritis, (a) Coronal T1 -weighted turbo spin echo; (b) short tau 
inversion recovery (STIR); (c) Tl-weighted with fat suppression post-contrast; (d) Tl-weighted 3D gradient echo 
fat suppressed post-contrast sequences, obtained in a 3T MRI unit. Erosion is seen intracapsularly in the ‘nude’ 
area at the lateral femoral condyle, as well as at the lateral and medial tibia (black arrows in a). The post-contrast 
images (c, d) visualize synovitis (short white arrows) and joint effusion (long white arrow). 
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Figure 6.9 Dynamic contrast-enhanced magnetic resonance imaging (MRI) of the knee of a patient with 
rheumatoid arthritis (RA) before and 7, 30, and 180 days after intra-articular glucocorticoid injection. Using 
dedicated image processing software (Dynamika, Image Analysis, United Kingdom), color-coded maps of dynamic 
contrast- enhanced (DCE)-MRI parameters can be super- imposed on the anatomical images. All images are of 
the knee joint from the same patient with RA, obtained before (a, e, i); at 7 days (b, f, j); at 30 days (c, g, k); and 
at 180 days (d, h, 1) after treatment. In the first row (a-d), all enhancing voxels are color-coded according to their 
enhancement patterns (persistent [blue], plateau [green], or washout [red]). In the second row (e-h), voxels are 
color-coded for maximum enhancement (ME; ie, maximum increase in signal intensity [SI] divided by baseline 
SI). In the third row (i— 1), voxels are color-coded for the initial rate of enhancement (percentage increase in SI per 
second from time of onset of enhancement until ME was reached). Color-codes for each parameter are specified 
in the vertical bars in the first column. It is noted that the enhancement decreases markedly from baseline (knee 
clinically swollen) to Day 7 after glucocorticoid injection (knee clinically without signs of inflammation), where 
after the enhancement parameters gradually increased towards Day 30 (where the knee was still without clinical 
signs of inflammation) and particularly Day 180 (where the knee had clinically flared). 
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Figure 6.10 Dynamic contrast-enhanced magnetic resonance imaging (MRI) of wrist and 2nd-5th met- 
acarpophalangeal joints of a patient with early rheumatoid arthritis, before and after disease modifying 
antirheumatic drug therapy. (a,e): Coronal short tau inversion recovery (STIR) -sequence, (b-d; f-h): Dynamic 
contrast-enhanced MRI obtained before (a-d) and after (e-h) treatment with conventional disease modifying 
antirheumatic drug therapy (DMARDs). (b, f) Voxels are color-coded according to enhancement pattern: persistent 
(blue), plateau (green), or washout (red), (c, g) Maximum enhancement (ME; maximum increase in signal intensity 
[SI] divided by baseline SI); (d, h) initial rate of enhancement (percentage increase in SI per second from time of 
onset of enhancement ME was reached). It is noted that the enhancement in certain areas of the wrist (radioulnar 
joint, arrows) decreases markedly during therapy, whereas the enhancement is minimal at both time points in the 
metacarpophalangeal joints. (Same patient as seen in Figures 6.1 and 6.2). 


Figure 6.1 1 Whole-body magnetic resonance imaging (MRI) of a patient with rheumatoid arthritis. Recent 
MRI hardware and software allow obtaining images of the entire body head-to-toe during one scan session: whole- 
body MRI (WBMRI). Here, 3T WBMRI are shown. Coronal T1 -weighted images without fat suppression before 
(a) and after (b) with fat suppression after contrast injection are shown (neck and feet are not shown). Synovitis is 
seen in knee and ankle joints (thin long arrows), (c-f): enlargements of coronal T1 -weighted WBMRIs of the hands 
before (c, e) and after (d, f; with fat suppression) a contrast injection, (g, h): Coronal short tau inversion recovery 
(STIR) images. Synovitis is seen in both wrists (long thick arrows) and in the right second metacarpophalangeal 
joint (short thick arrows). Bone marrow edema (d; thin short arrows) is seen in several wrist bones. 
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Figure 6.12 Magnetic resonance imaging (MRI) of the normal cervical spine of a patient with early rheumatoid 
arthritis. Sagittal short tau inversion recovery (STIR) (a); T2-weighted (b); and T1 -weighted MRI (c) obtained 
before Gadolinium contrast injection; axial T1 -weighted pre-contrast (d) and post-contrast (e) images. Images show 
a normal cervical spine. No signs of enhancing pannus or erosions in the C1/C2 junction are seen. Conventional 
radiographs were normal (not shown). 


Figure 6.13 Conventional radiograph (X-ray) and magnetic resonance imaging (MRI) of the cervical spine 
of a patient with rheumatoid arthritis and neck pain, (a, b): Normal X-ray, without signs of C1/C2 luxation and 
without erosion at dens axis, (c-h): Axial T1 -weighted pre-contrast (c) and post-contrast (d) MRI are displayed 
in the upper row. The lower row displays (e) sagittal T2-weighted; (f) short tau inversion recovery (STIR); (g) pre- 
contrast T1 -weighted; and (h) post-contrast T1 -weighted MRI. Enhancing synovitis is seen around the dens axis 
(arrows). No erosions are seen. 
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Figure 6. 14 Conventional X-ray and magnetic resonance imaging (MRI) of the cervical spine of a patient with 
rheumatoid arthritis. Upper row: (a) X-ray of the cervical spine in lateral projection shows signs of subluxation 
(arrow) of the C1/C2 junction; (b) open mouth X-ray of the dens axis shows several erosions (arrows). Middle row: 
(c) sagittal short tau inversion recovery (STIR); (d) T2-weighted; (e) Tl-weighted pre-contrast; (f) Tl-weighted 
post-contrast 1.5T MRI of the upper cervical spine. Lower row: (g) Tl-weighted pre-contrast; (h) Tl-weighted 
post-contrast MRI of a neighboring section of the same patient (arrows in the post-contrast Tlw images) and 
marginal erosions of the dens axis (open arrows). Post-contrast images show enhancing synovitis around the dens 
axis (long arrows). Furthermore, erosions are seen in the dens axis (short arrows). 
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Ultrasound imaging in rheumatoid 
arthritis 


Maria Antonietta D’Agostino 

Introduction 

Detailed physical examination alone can fail to provide a correct diagnosis 
in patients with painful articular or abarticular manifestations, particularly 
in those with recent disease onset. In these cases, rheumatologists may 
need further support to look for joint or tendon involvement and suitably 
objective imaging technique available in everyday practice that can assist 
with diagnosing joint involvement has long been awaited. Ultrasound (US) 
is an easy and accessible imaging technique that can visualize soft tissues 
and cortical bone defects [1,2]. The main advantages of US are absence of 
ionizing radiation, economy, and dynamic assessment of joint patholo- 
gies. In addition, the rapid improvement in the visualization of superficial 
structures and of slow flow vessels has permitted a widespread development 
in rheumatology [3,4]. US plays two major roles in rheumatology: 

• an extension of physical examination in everyday clinical 
practice; and 

• an objective reference standard in scientific studies. 

When compared to magnetic resonance imaging (MRI), which is considered 
the gold standard for soft tissue and bone pathologies, US is characterized by 
several advantages (Table 7.1). The high resolution of the technique permits 
one to distinguish between degenerative, inflammatory, and destructive 
changes in intra and extra-articular structures, as well as to guide thera- 
peutic procedures. Additionally, under US guidance, the progression of a 
needle into the soft tissues towards a selected target area can be carefully 
controlled. This can lead to improved safety for US -guided injections and 
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aspirations by avoiding possible damage to peripheral nerves, blood vessels, tendons, and 
cartilage by the needle tip [5,6]. 

However, despite these several advantages, the widespread use of US in daily practice and 
as an outcome measure in clinical and therapeutic trials has been hampered by the perception 
that it is an unreliable, observer-dependent technique. This is primarily due to the technical 
and physical characteristics of US and the lengthy formal training that is required. 

In order to improve validity and promote greater US use in the rheumatology setting, 
methodological work on standardization has been done by the Outcome Measures in 
Rheumatology (OMERACT) US Task Force [7]. Due to this international effort, in recent years, 
US has shown great utility in the management of rheumatic diseases, especially rheumatoid 
arthritis (RA) [8,9]. This ongoing work has also permitted the development of standardized 
consensus definitions for the most common inflammatory pathologies and has demonstrated 
the high level of reliability of the technique through several inter-observer studies [10-18]. 
Furthermore, international scientific societies such as European Feague Against Rheumatism 
(EUFAR) and the American College of Rheumatology (ACR) now provide standardized 
training to rheumatologists interested in the clinical use of US [19]. 

Ultrasound and rheumatoid arthritis 

Ultrasound-detected synovitis 

One of the most common applications of US in RA is the evaluation of joint involvement 
both for diagnosis and follow-up after therapeutic procedures. The inflammatory process 
can involve all synovial tissues (ie, diarthrodial joints, synovial tendon sheaths, and synovial 
bursae), which can be easily visualized using US. Several studies have demonstrated that US 
is more sensitive than clinical examination for detecting synovitis, with a comparable sen- 
sitivity when MRI is considered as a reference [16-18, 20-25]. Overall, the main advantage 
of US is the capability to assess all aspects of the synovial inflammation due to the ability to 
evaluate the morphology and quantity of synovitis by using grayscale and its vascularity by 
using color or power Doppler (PD). 

In grayscale, US-detected synovitis is characterized by the swelling of synovial lining 
(eg, hypoechoic synovial hypertrophy), which can be associated with an increase of synovial 
fluid (eg, anechoic area) especially in large joints, and an increased perfusion of the lining 
(eg, hyperemia, shown by PD). The appearance of synovitis in grayscale can vary according 
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to the duration and activity of the inflammatory process (from anechoic-hypoechoic when 
inflammation is very active to isohyperechoic when the fibrous tissue become prevalent). US 
is therefore able to distinguish between active and inactive (eg, fibrous) synovial hypertro- 
phy. The concomitant use of PD technique permits to easily visualize vascularity. The color 
information given by the Doppler technique is superimposed on the grayscale image in a 
real-time evaluation of all parameters. 

The level of grayscale synovitis correlates well with the disease duration, probably reflect- 
ing the level of previous inflammation and subsequent fibrotic change. By contrast, the pres- 
ence of PD seems independent of disease duration and therefore appears to be a better marker 
of inflammation at any given time point. This has attracted particular attention because of the 
possibility of predicting response to treatment, subsequent structural damage, and flare [26]. 
In addition, a minimal amount of synovial hypertrophy in grayscale can be seen also in 
normal joints not affected by RA, whilst PD is a rare finding in normal joints. Quantification 
of US-detected synovitis at joint level can be performed in several ways: Figure 7.1 describes 
the most common scoring systems for grading synovitis; Figure 7.2 shows the position of the 
probe and of the hand for the evaluation of small joints synovitis and cartilage involvement; 
and Figures 73 - 7.6 show examples of US-detected synovitis in small joints. The main conse- 
quence of a chronic synovitis is structural damage at cartilage, bony cortex (ie, erosions), and 
tendon level. The involvement of these structures is accurately visualized by US. 

Ultrasound-detected erosions 

US erosion can be defined as a discontinuity of the cortical surface. To avoid artifacts, the 
cortical defect should be seen in at least two perpendicular planes (Figure 7.7). The accuracy 
of US for detecting erosions has been compared to X-ray, MRI, and computed tomography 
(CT) scans [27-30]. All of these studies have demonstrated a comparable sensitivity and 
specificity when MRI or CT (even micro- CT) are used as comparators [30]. The lack of a 
complete agreement is mostly due to the inaccessibility of the entire bone surface to the US 
beams (ie, lack of acoustic window such as on the medial and lateral facets of the third and 
fourth metacarpal heads). 

US resolution quality is very high and it is usually possible to see very small erosions 
(>1 mm). However, specificity as an early marker of structural damage has not yet been 
definitively demonstrated. In addition, a standardized scoring system for erosions has not yet 
been developed. At the moment, the position of the erosions, their size, and the concomitant 
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presence of an active synovitis (Figure 7.8) are used to determine whether they are related 
to the RA process. 

Ultrasound-detected tenosynovitis 

In addition to intra-articular synovitis, tenosynovitis is a common pathologic feature in 
RA [1]. The proliferation of the tenosynovium can produce tendon adhesion and rupture with 
consequent severe joint function impairment [31]. US-detected tenosynovitis is defined by the 
presence of abnormal hypoechoic or anechoic thickened tissue with or without fluid within 
the tendon sheath, which is seen in two perpendicular planes and which may exhibit Doppler 
signal. Normal tendons with synovial sheath can show a minimal, well defined, and homo- 
geneous peritendinous halo which corresponds to normal synovial sheath. The presence of 
peritendinous PD signal within the synovial sheath should be confirmed in two perpendicular 
planes, exclude normal feeding vessels (ie, PD signal displayed by vessels at the mesotenon or 
vinculae), and be present only if the tendon shows peritendinous synovial sheath widening 
on grayscale. Long-standing tenosynovitis can be characterized by concomitant lesions in the 
body of a tendon. Figures 7.9-7.11 are examples of US scans showing tenosynovitis. 

Cartilage damage 

A wide range of joint cartilage lesions can be detected by US. Normal hyaline cartilage appears 
as a homogenously anechoic band delimited by two well-defined, sharp, hyperechoic margins 
[32]. These features are basically the same at different anatomic sites. Echotexture inhomoge- 
neity due to patchy increment of echogenicity can be regarded as an early sign of a cartilage 
lesion, while the loss of sharpness associated with decrease of the normal thickness can be 
seen as advanced sign of involvement. Diffuse narrowing or complete disappearance are 
advanced signs of disease (Figure 7.12). 

Management of rheumatoid arthritis with ultrasound: diagnosis, 
therapeutic follow-up, remission, and flare 

US has demonstrated the ability to accurately detect synovitis even in an early stage of 
disease when most of the inflammatory joint involvement is subclinical [33,34]. In particu- 
lar, the detection of PD signal seems important for predicting RA [35]. In daily practice, US 
is a useful tool for following up with patients undergoing treatment for RA. Several studies 
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have demonstrated that US is a sensitive tool for following patients under treatment; Table 
7.2 shows recently published studies demonstrating high sensitivity to change (both gray- 
scale and PD) independently of the scoring system used at joint level or the number of joints 
examined [25,36-41]. 

Persistent inflammation in RA is known to lead to cartilage and bone destruction, and 
grayscale and PD synovitis are a reflection of inflammation. US has been shown to be an 
important tool for evaluating if patients are genuinely in remission or in a low-activity disease 
state [42]. Several studies have shown that the presence of subclinical US synovitis (mostly 
PD, but also grayscale synovitis) is a predictive factor for a disease flare and radiographic 
structural progression in patients with RA in clinical remission. 

Conclusion 

As previously discussed, there is evidence to support the routine use of US in the management 
of RA and wider implementation may have major implications for the diagnosis and treat- 
ment of RA. However, some questions still need to be clarified and require further research, 
including the specific importance of grayscale and Doppler components, the scoring of US 
synovitis at joint and patient level (ie, scoring systems and minimal joint count), and the 
minimal threshold of synovitis in RA remission. 
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Ultrasound 


MRI 


Strengths 

Real-time and 
dynamic imaging 

Immediately accessible; 
complements the 
physical examination 

Relatively easy to 
examine multiple body 
regions 


Weaknesses 

Unable to image 
within bone 

Specialist training not 
always available 


Limited accessibility of 
some fractures (acoustic 
window) 


Strengths 

Ability to image bone 

More complete assessment 
of whole joint (all articular 
surfaces) 

Quantitative measurement 
of synovium 


Weaknesses 

Limited to one 
body region 

Potential for 
motion artifact and 
contraindications (eg, 
pacemaker) 

Time and patient 
tolerance 


Table 7.1 Comparative assessment of the advantages and limitations of ultrasound and magnetic resonance 
imaging (MRI) for the management of rheumatic diseases. In patients with rheumatoid arthritis, the ability to 
evaluate several joints by ultrasound and detect the presence of active synovial disease or minimal structural dam- 
age (ie, detecting small erosions) is a major advantage, as it may reduce the time between disease investigation and 
treatment initiation. In cases where ultrasound does not detect erosive disease, a complementary MRI is suitable. 


Grading of synovitis 


Grayscale 

Doppler 


• Present/ absent 

• Semi- quantitative (0-3) 


• Semi- quantitative (0-3) 

• Number of colour pixels in a region of 


• Quantitative (0-3) 

interest (ROI) 


- volume/depth of tissue 

• Resistance indices (RI) 



• Time intensity curves (bubble contrast) 



- measure maximum rate of enhancement 



- lacks feasibility for multiple joints 




Figure 7.1 Most commonly used ultrasound scoring systems at joint level. 



Figure 7.2 The position of the hand of an ultrasound probe for examining and evaluating synovitis in small 
joints. Neutral position of a finger in a (a) longitudinal and (b) transverse scan, (c) Hand is semi-flexed for 
evaluating cartilage involvement. 
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effusion synovial hypertrophy 


Figure 7.3 Longitudinal palmar scan of metacarpophalangeal joint: grayscale ultrasound. Presence of effusion 
(anechoic) and hypoechoic synovial hypertrophy compatible with exudative synovitis. 



Figure 7.4 Longitudinal dorsal scan of metacarpophalangeal joint: grayscale and power Doppler ultra- 
sound. Presence of hypoechoic synovial hypertrophy that exhibits power Doppler signal. This aspect is typical 
of severe synovitis. 


synovial hypertrophy 



power Doppler 


Figure 7.5 Longitudinal dorsal scan of metacarpophalangeal joint: grayscale and power Doppler ultrasound. 

Presence of hypoechoic synovial hypertrophy which exhibits power Doppler signal. This aspect is typical of a 
moderate synovitis. 
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Figure 7.6 This ultrasound picture shows a longitudinal dorsal scan of four metacarpophalangeal joints with 
different grade of synovitis. Panels a-d show the grayscale appearance, whereas panels e-h show the same joints 
when power Doppler is applied. 




Figure 7.8 Ultrasound-detected erosion of a metacarpal head in a dorsal longitudinal with associated 
inflammatory synovitis (both grayscale and power Doppler). 
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Figure 7.9 An ultrasound normal aspect of extensor ulnaris carpi in a transverse scan, (a) Grayscale alone, 
(b) Normal power Doppler signal due to normal feeding vessels within tendon sheet. 



Figure 7.10 Ultrasound longitudinal scan of extensor ulnaris carpi, (a) Minimal tenosynovitis in grayscale, 
(b) Minimal tenosynovitis with power Doppler signal within tendon sheet. 



Figure 7.1 1 Examples of ultrasound longitudinal scan of extensor ulnaris carpi. Severe tenosynovitis in both 
grayscale and power Doppler signal within the tendon sheet (arrows) and inside the tendon (circled). 
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Grayscale synovitis (SH, SE, both) 


Author, 

reference 

n 

Treatment 

Follow-up 

(months) 

No. of 
joints 

Score at 

baseline: 

mean ±SD 

Score at the end of 

the study : mean 
±SD 

(% decrease) 

Taylor et al 

24 

MTX + TNF inhibitor 

3.5 

10 

14.4 ±5.2 

6.8 ±4.7 (-54.5%) 

[36] 


MTX + placebo 



14.1 ±5.5 

11.8 ±6.8 (-13.7%) 

Naredo et 

160 

TNF- inhibitor 

6 

44 

- 

- 

al [37] 


or anakinra 


12 

- 

- 

Naredo et 

167 

TNF- inhibitor 

12 

28 

16.4 ±10.5 

8.5±8.6 

al [38] 





15.6±9.9 

8±8 

Iagnocco 

25 

adalimumab 

24 

10 

- 

- 

et al 







[39] 







Backhaus 

120 

DMARDs or 

6 

7 

8.1±5.8 

5.5±5.5 (-32%) 

et al [40] 


TNF- inhibitor or both 





Dougados 

76 

TNF- inhibitor 

4 

-28 

12.88±6.20 

9.12±6.19 

et al [41] 




-20 

10.58±4.02 

7.90±4.35 





-38 

18.18±7.07 

25±7.22 

Perricone 

45 

TNF- inhibitor 

3 

-12 SE 

8.71±6.23 

5.84±4.05 

[25] 




-12 SP 

8.27±6.14 

5.47±4.06 





-6 SE 

5.71± 3.92 

4.00 ±2.59 





-6 SP 

5.80±4.21 

4.07±2.82 


Table 7.2 Published data showing the sensitivity to change of ultrasound independently of the scoring system 
used and the number of joints examined. Standardized response mean (SRM), the ratio between the mean changes 
over the standard deviation (SD) of the changes. Usually, a SRM below 0.2 is considered as nul and above 0.6 as 
relevant. Cl, confidence interval; DMARD, disease-modifying antirheumatic drug; IQR, interquartile range; MTX, 
methotrexate; SE, synovial effusion; SH, synovial hypertrophy; SP, synovial proliferation; TNF, tumor necrosis factor. 
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Power Doppler synovitis (Doppler signal) 

Mean 

decrease 

(95% Cl) 

SRM 

Score at baseline 

(mean ±SD or 

median IQR) 

Score at the end of the study 
(mean ±SD or median 

IQR), (% decrease) 

Mean decrease 

(95% Cl) 

SRM 

- 

- 

9.072 ±6.718 

1.228-2.421 (-79%) 

- 

- 

- 

- 

8.212 ±6.479 

5.130-3.865 (-27%) 

- 

- 

- 

- 

16.4 ± 10.9 

8.8 ±7.8 

7.4 (6.0-8. 9) 

- 

- 

- 

- 

- 

4.9 (4.1-5. 7) 


8 (67-9.2) 

7(6 .4-8.8) 

-0.881 

9.0 ±7.2 

3.8 ±5.0 

5.1 (4.3-5. 9) 

-0.717 

- 

- 

11(4-19) 

6.1(1-15) 

- 

- 




3.3 ±4.0 

2.0 ±3.5 (-39%) 



- 

-0.64±0.13 

7.00±5.39 

4.16±3.93 

- 

-0.62±0.13 

- 

-0.60±0.12 

5.28±4.13 

2.76±2.76 

- 

-0.69±0.16 

- 

-0.64±0.14 

9.15±6.30 

5.16±4.55 

- 

-0.70±0.15 

- 

- 

4.36±5.44 

2.67±3.38 

- 

- 

- 

- 

3.62±4.35 

2.16±2.69 

- 

- 
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Figure 7.12 Ultrasound findings of cartilage involvement in a longitudinal dorsal scan of metacarpophalan- 
geal joint. (a) Normal aspect; (b) heterogeneous echotexture and/or loss of sharpness; (c) blurring of anterior or 
posterior interface; (d) asymmetric thinning; (e) complete loss of cartilage. 
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8 Dual energy X-ray absorptiometry in 
rheumatoid arthritis 


Atul Deodhar 


Introduction 

Bone damage in rheumatoid arthritis (RA) has three distinct phenotypes: 
marginal erosions in the affected joints, periarticular osteoporosis, and 
generalized osteoporosis [1]. While systemic inflammation is the main effec- 
tor mechanism causing generalized osteoporosis, physical inactivity and 
corticosteroid use may also play a role in the pathogenesis. Local inflam- 
mation in the vicinity of joints, along with reduced mechanical loading, 
is important in the development of periarticular osteoporosis, whereas 
invading synovial pannus leads to focal marginal erosions, the radiographic 
hallmark of RA [2]. Experiments on knockout mice have shown that the 
osteoclasts are the only cell types that are capable of causing all three types 
of bone damage [3]. 

Bone remodeling in rheumatoid arthritis 

Normal bone remodeling is an orderly coupled’ process with osteoclasts 
starting the resorption of the bone matrix and the osteoblasts depositing 
new lamellar bone (Figure 8.1) [4]. It is known that rheumatoid pathol- 
ogy leads to a bone-remodeling imbalance by increasing bone resorp- 
tion and suppressing bone formation. The pro -inflammatory cytokines 
in the rheumatoid synovium lead to expression of receptor activator of 
nuclear factor rep ligand (RANKL) on immune cells as well as increased 
levels of dickkopf-1 (DKK-1). The receptor activator of nuclear factor k(3 
(RANK) -RANKL interaction is important for osteoclast development and 
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activation, while DKK-1 suppresses bone formation by osteoblasts by inhibiting the Wnt 
signaling pathway [5]. Figure 8.2 shows the role of the immune system in the pathogenesis 
of bone damage in RA [6]. The marginal erosions are developed by both an ‘outside in’ and 
an ‘inside out’ process (bone damage caused by osteoclasts developed from the monocyte- 
macrophage lineage in the synovial membrane and from the bone marrow, respectively) [7]. 
In contrast, periarticular, as well as generalized, osteoporosis seen in RA is a process led by 
bone marrow-derived osteoclasts [8]. 

Bone damage imaging in rheumatoid arthritis 

Several imaging modalities are used to assess bone damage in RA (Figure 8.3) [9]. Scoring 
plain radiographs for joint space narrowing and erosions (eg, Sharp score and its modifica- 
tions, Larsen score) have long been the gold standard for assessing and monitoring joint 
damage in RA [10]. Magnetic resonance imaging (MRI) scanning of hands has emerged as a 
more sensitive and specific tool to assess the erosions. As seen in Chapter 6, MRI scan of the 
hands can assess bone marrow edema, a precursor of erosions, as well as synovial prolifera- 
tion [11]. Despite these distinct advantages, MRI cannot assess periarticular or generalized 
osteoporosis in RA. 

Dual energy X-ray absorptiometry 

Periarticular osteoporosis is the first radiographic sign in RA, even before the develop- 
ment of joint space narrowing and erosions. Thus, assessing periarticular osteoporosis has 
the advantage of measuring disease-related bone damage in the earliest stages of RA [12]. 
To objectively assess periarticular osteoporosis, hand bone density measurement can be 
done directly using dual energy X-ray absorptiometry (DXA) or indirectly by digital X-ray 
radiogrammetry (DXR). 

Initial studies on hand bone density measurement using DXA required modifying the 
existing protocols of lumbar spine DXA measurements [12]. Early studies included the 
entire hand (plus the carpal bones) for measurement, but in subsequent studies, limited 
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measurements of juxta-articular osteoporosis in the distal (1.5 cm) of the metacarpal bones 
were also shown to have good reproducibility (Figures 8.4 and 8.5) [12-14]. If the area of the 
entire hand is included in the measurement, then bone mineral content (BMC) is preferred 
over bone mineral density (BMD) because BMC does not depend on the area of measurement. 
This is especially true in patients with RA, where disease-related deformities could affect the 
hand area (Figure 8.6) [12]. 

Earlier studies showed that males have higher hand BMC than females, and patients with 
RA have lower hand BMC compared to age and sex-matched controls (Figure 8.7) [12]. Hand 
BMD correlated with the lumbar spine and femoral neck BMD, body size (height and weight), 
grip strength, and inversely with erythrocyte sedimentation rate (ESR) and X-ray scores 
(Figure 8.8) [13,14]. The rate of hand bone loss was highest in patients with early RA (disease 
duration less than 2 years) treated with nonbiologic disease-modifying antirheumatic drugs 
(DMARDs) despite clinical improvement and correlated with baseline C-reactive protein 
(CRP) levels (Figure 8.9) [15]. 

As previously noted, because periarticular osteoporosis is the earliest sign of RA in hands 
(even before the development of joint space narrowing or erosions), there is interest in inves- 
tigating if a change in hand BMC would be a prognostic marker of hand function. A prospec- 
tive observational study showed that percent change in hand BMC over 5 years did indeed 
correlate with measures of physical function (eg, 36 -item Short Form Health Survey [SF-36], 
Duruoz hand function index, health assessment questionnaire score [HAQ]) at 5 years, and 
a loss of >1.17 g in the first 6 months predicted a poor hand functional outcome at 5 years 
(odds ratio=6.9) (Figure 8.10) [16]. 

Hand BMD measurement may also have diagnostic significance in early undifferentiated 
arthritis. In a 12-month prospective study on patients with early undifferentiated arthritis, 
patients who subsequently were diagnosed as having RA lost significantly more bone mass 
compared to those who either did not have inflammatory arthritis or had a non-rheuma- 
toid inflammatory arthritis on follow-up [17]. Mean CRP level and rheumatoid factor were 
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independent predictors of the hand BMD loss [17]. In another study, hand DXA was found 
to be more sensitive than radiographs for measuring disease-related bone damage in patients 
with early RA (in this study, disease duration less than 12 months) [18]. 

Bone densitometry measurement by digital X-ray radiogrammetry 
DXR, a computer-aided technique for the measurement of cortical BMD of metacarpal bones 
using digitized hand X-ray, is another technique to assess hand bone density (Figures 8.11 
and 8.12) [20]. DXR determines: 

. BMD (g/cm 2 ); 

• cortical thickness (cm); 

• metacarpal bone width (cm); 

• metacarpal index (based on mean cortical thickness normalized for the mean outer bone 
diameter of the metacarpal bones); and 

• porosity index (correction factor of DXR-BMD) [21]. 

Several investigators have used DXR for assessing progression of the disease and hand func- 
tion in RA. For example, in a 10-year longitudinal study, absolute hand DXR-BMD loss at 
1 year was an independent predictor of radiographic outcome at 5 and 10 years. The odds 
ratio for radiographic progression was 3.5 at 10 years among patients with hand BMD loss 
[22]. The association between mortality and DXR-BMD in patients with RA was evaluated 
in a retrospective analysis over a 30 -year period. The DXR-BMD on baseline X-rays, along 
with Steinbrocker functional class III or IV, the physician’s global assessment, and ESR were 
significant predictors of mortality [23]. 

Qualitative ultrasound 

Quantitative ultrasound (QUS) is a third technique to measure bone density, although it 
is less sensitive than DXR in quantifying bone loss. Figure 8.13 shows a comparison of 
the DXR technique with QUS for the severity-dependent quantification of bone loss based 
on the Larsen score [20]. The DXR-BMD revealed a significant reduction (25%), whereas 
the QUS parameters (measured at the radius and phalanx) failed to show a significant 
reduction [20]. 

Taken together, the studies described above show that hand bone densitometry by DXA 
or DXR can offer additional information over erosion counts and inflammatory markers in 


158 Dual energy X-ray absorptiometry in rheumatoid arthritis 



outcome studies in RA. Compared to an MRI, bone densitometry is cheaper and the equipment 
required is more easily available. Bone density measurement in RA, therefore, can be used for 
assessing disease activity (process measure), as well as for predicting outcome. 

Bone density measurement for generalized osteoporosis in 
rheumatoid arthritis 

Generalized osteoporosis is the third type of bone damage seen in patients with RA. In fact, 
RA is an important enough risk factor for osteoporosis that it is added in the fracture assess- 
ment tool (FRAX). Compared to age- and sex-matched controls, prevalence of osteoporosis 
in patients with RA increases two-fold [24]. Hip and spine bone density measurements in 
patients with early RA showed high bone loss at the lumbar spine (-2.4 %) and at the hip (-4.3 
%); this loss was higher in patients with active disease (measured by CRP) and worse function 
(measured by HAQ) [25]. However, when looking at generalized osteoporosis in patients with 
RA, it is important to remember that fracture is the most clinically relevant outcome. The large 
General Practice Research Database cohort study showed that when compared with healthy 
controls, the risk of osteoporotic fractures in patients with RA is increased 1.5 -fold [26]. 

Treatment of bone loss in rheumatoid arthritis 

With the advent of biologies to treat rheumatoid arthritis, all three types of bone damage have 
become treatable. Anti-TNF treatment can arrest loss of BMD at the spine and the hip [27]. 
In the BEST study, all four groups of patients with agrressively treated early R A, showed only 
moderate generalized bone loss at 2 years at the hip and spine (-0.5% to 1.0%) and patients in 
remission had less bone loss compared to those not in remission [28]. These results indicate 
that adequate suppression of inflammation is essential for prevention of generalized bone loss 
in RA. In a Phase III double-blind randomized placebo-controlled pivotal trial, adalimumab 
was able to halt progression of hand erosion, but hand bone loss (measured by DXR) was inad- 
equately suppressed [29]. The authors, therefore, concluded that quantitative measurement 
of osteoporosis maybe a more sensitive tool for assessment of inflammatory bone damage in 
RA [30]. Denosumab, a fully human monoclonal antibody against RANKT, recently showed 
suppression of bone loss in hand, lumbar spine, and hip (measured by DXA; Figure 8.14), and 
arrested erosions in patients with RA [29,31]. 
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Figure 8.1 Normal bone remodeling involved in repairing a microcrack. Microcracks sever osteocyte canaliculi, 
leading to osteocytic apoptosis. This damage signals lining cells and causes osteocytes to release local factors that 
attract osteoclast precursors from blood and marrow into the remodeling compartment. Osteoclasts resorb the 
bone matrix and the microcrack, and then osteoblasts deposit new lamellar bone. Reproduced with permission 
from Seeman and Delmas [4] ©NEJM. 
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Figure 8.2 Stimulation of osteoclasts and suppression of osteoblasts leads to altered bone remodeling in 
rheumatoid arthritis. The pro-inflammatory cytokines (TNF-a, IL- 1, IL-6) released by immune cells in the rheu- 
matoid synovium stimulate expression of receptor activator of nuclear factor K(3 ligand (RANKL) on cells includ- 
ing synovial fibroblasts, T cells, and osteoblasts. RANKL interacts with the receptor activator of nuclear factor k( 3 
(RANK), expressed on osteoclast precursors and osteoclasts, leading to osteoclast development and activation [2] . 
The cytokines also lead to secretion of DKK-1, a potent suppressor of osteoblasts by inhibiting the Wnt signaling 
pathway directly and through stimulation of sclerostin [5] . DKK- 1 , dickkopf- related protein 1 ; IL, interleukin; TNL, 
tumor necrosis factor. Reproduced with permission from Schett and Gravallese [6] ©Macmillan Publishers Limited. 
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Figure 8.3 Imaging modalities used to assess bone damage in the hands and vertebra in rheumatoid arthritis. 

X-rays are traditionally considered to be the gold- standard’ to assess bone damage in rheumatoid arthritis. However, 
there are several other modalities, as shown in a and b. DXA, dual-energy X-ray absorptiometry; DXR, digitalized 
radiogrammetry; HRDR, high- resolution digital radiology; pCT, micro -computed tomography; MRI, magnetic 
resonance imaging; QCT, quantitative computer tomography; QUS, quantitative ultrasound; VFA, vertebral fracture 
assessment. Reproduced with permission from Geusens and Lems [9] ©BMC. 
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Figure 8.4 Hand bone densitometry using dual energy X-ray absorptiometry. The image shows the area selected 
for analysis, excluding the distal radius and ulna but including the entire hand plus the carpal bones. The results of 
dual energy X-ray absorptiometry are expressed as the projected area (cm 2 ), bone mineral content (BMC; g), and 
the areal bone mineral density (BMD; g/cm 2 ). Reproduced with permission from Peel et al [13] ©Wiley. 



Figure 8.5 Hand bone densitometry by dual energy X-ray absorptiometry: measurement of metacarpal heads. 

The image shows measurement of hand bone mineral density using a limited area selected for analysis. Rather than 
choosing the entire hand, the juxta- articular distal (1.5 cm) of the metacarpal bones are included in this analysis. 
This method had 1.6% coefficient of variation for duplicate measurements. Reproduced with permission from 
Jensen et al [14] ©BMJ. 
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Figure 8.6 Hand bone densitometry by dual-energy X-ray absorptiometry in a patient with severe hand deformi- 
ties due to rheumatoid arthritis. Patients with rheumatoid arthritis have lower hand bone mineral content (BMC) 
compared to age- and sex-matched controls. Because the hand surface area can change due to progressive hand 
deformities, BMC (rather than bone mineral density [BMD], which depends upon the area) should be monitored. 
BMC is independent of surface area. Reproduced with permission from Deodhar et al [12] ©BMJ. 
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Figure 8.7 Hand bone mineral content in controls and patients with rheumatoid arthritis. This graph shows the 
total hand bone mineral content (BMC; g) in normal volunteers (male and female) and patients with rheumatoid 
arthritis (RA). After correcting for body size, male volunteers had significantly higher BMC than female volunteers, 
and patients with RA had significantly lower hand BMC than age- and sex-matched volunteers. *P= 0.0 1 ; **P= 0.005; 
***P< 0.005. Reproduced with permission from Deodhar et al [12] ©BMJ. 
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Figure 8.8 Hand bone mineral density correlations in patients with early rheumatoid arthritis. The graphs show 
the relationship between hand bone mineral density (BMD) and markers of disease activity in 20 patients with 
early rheumatoid arthritis: (a) erythrocyte sedimentation rate (ESR; r=— 0.81; P<0.0001); (b) function/grip strength 
(r=0.49; P=0.03); (c) BMD of the femoral neck (FN; r=0.67; P=0.002); (d) BMD of the lumbar spine (LS; r =0.72; 
P=0.0003). Reproduced with permission from Peel et al [13] ©Wiley. 
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Figure 8.9 Loss of hand bone mineral content over 1 year in a patient with rheumatoid arthritis treated with 
nonbiologic disease-modifying antirheumatic drugs (DMARDs. Despite showing clinical improvement in the 
number of tender joints, swollen joints, erythrocyte sedimentation rate, and grip strength, this person lost 4.6 g (9.6%) 
hand bone mineral content over a one-year period. This indicates that nonbiologic disease-modifying antirheumatic drugs 
may not be able to arrest hand bone loss. Reproduced with permission from Deodhar et al [12] ©Wiley. 
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Figure 8.10 Correlation between cumulative loss of hand bone mineral content over 5 years and other outcome 
measures in patients with early rheumatoid arthritis. The percent change in hand bone mineral content (BMC) 
over 5 years correlated with (a) health assessment questionnaire (HAQ) score; (b) Duruoz hand function index; and 
inversely with (c) physical function, as measured by Short Form (SF-36) Health Survey physical function module 
score. Change in hand BMC was found to be a prognostic marker, as a BMC loss of >1.17 g in the first 6 months 
predicted a poor hand functional outcome at 5 years, with an odds ratio of 6.9. Reproduced with permission from 
Deodhar et al [16] ©BMJ. 
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Figure 8.11 Hand bone density measurement by digital X-ray radiogrammetry. Radiographs are scanned into 
a digital X-ray radiogrammetry (DXR) system (a), (b) Screen view of DXR with the marked region of interest po- 
sitioned at the metacarpal diaphysis II-IV (see Figure 8. 12 for a close-up), (c) Screen view of the scanning protocol. 
The coefficient of variation (CV) of DXR measurements in the hands of premenopausal women was 0.68% and 
0.61% in postmenopausal women [19]. Reproduced with permission from Pfeil et al [20] ©Wiley. 
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Figure 8.12 Digital X-ray radiogrammetry. A scanned and processed hand radiograph with the three regions of 
interest. The digitized image is subjected to a number of image processing algorithms where the three regions of 
interests around the narrowest part of the second, third, and fourth metacarpal joints are automatically identified. 
(Close up of ‘B’ from Figure 8.1 1). Reproduced with permission from Pfeil et al [20] ©Wiley. 



Figure 8.13 Severity-dependent bone loss of different evaluated osteodensitometric methods between a Larsen 
score of 1 and 5. BMD, bone mineral density; DXR, digital X-ray radiogrammetry; DXA, dual energy X-ray ab- 
sorptiometry; MCI, metacarpal index; pQCT, peripheral quantitative computed tomography; QUS, quantitative 
ultrasound; SOS, speed of sound. Reproduced with permission from Pfeil et al [20] ©Wiley. 
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Figure 8.14 Denosumab reverses bone loss (as measured by dual energy X-ray absorptiometry) in hands, 
lumbar spine, and femoral neck in patients with rheumatoid arthritis. Denosumab, an anti-receptor activator 
of nuclear factor k(3 ligand monoclonal antibody, inhibits periarticular and systemic bone loss in hand, lumbar 
spine, and hip in patients with rheumatoid arthritis. BMD, bone mineral density. Adapted with permission from 
Deodhar et al [29] and Dore et al [31]. 
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PART THREE 


Treatment of rheumatoid arthritis 



Methotrexate 


David Sandoval and Graciela Alarcon 


Introduction 

Methotrexate is an antimetabolite agent that is very similar in structure to 
folic acid (folic acid analogue) [1]. Aminopterine, another folic acid analogue 
and a methotrexate precursor, was used first for the treatment of rheu- 
matoid arthritis (RA) and psoriasis by Gubner and Ginsberg in 1951 [2]. 
Methotrexate was initially more popular in the field of dermatology than 
in rheumatology In 1964, Black published a double-blind study in psoriatic 
arthritis [3], which was followed by the pioneering work of Hoffmeister 
and the discovery that methotrexate is useful in the treatment of RA [4]. 
However, it was not until the 1980s that methotrexate became the standard 
care for RA due to the results of four double-blind randomized clinical 
trials [5-8]. These studies led Wilkens in 1990 to suggest that methotrex- 
ate should be used in all patients with RA as a second-line treatment after 
non-steroidal anti-inflammatory drugs (NSAIDs) [9]. In this chapter, we 
will discuss historical aspects related to methotrexate, its mechanisms of 
action, pharmacokinetics, dosing, its potential benefits in the treatment 
of RA, monitoring administration, and managing potential side effects. 

Historical perspective 

When aminopterine was first introduced by Gubner and Ginsberg in 1951 
as a potential treatment option for RA [2], corticosteroids were thought to 
cure’ RA; thus, methotrexate did not come to the forefront for the treatment 
of RA until much later when four pivotal double-blind controlled trials 
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prompted its approval for the treatment of RA by the US Food and Drug Administration 
(FDA) in 1988 [10,11]. 

Methotrexate is a chemotherapeutic agent and is presently used in the treatment of certain 
cancers. It is also used as an abortive agent. As shown in Figure 9.1, the role of methotrexate 
for the treatment of RA has evolved over the years. 

Mechanism of action and pharmacokinetics 

Methotrexate contains an amino group (NH ), a methyl group (CH 3 ), and a fully- oxidized 
pteridine ring, which renders the molecule inactive as a cofactor (Figure 9.2) [12]. The similar 
structure of dihydrofolic acid (Figure 9.3) and methotrexate suggests that methotrexate is a 
competitive inhibitor of folic acid [13]. Figure 9.4 represents the main mechanisms of action 
of methotrexate in different cell compartments [13]. 

Methotrexate exerts several blocking actions over the folate metabolic pathways. The most 
cited mechanism is the inhibition of dihydrofolic reductase (DHFR). Extracellular methotrex- 
ate is brought into the cell by a and (3 folate receptors. Once inside the cell, methotrexate and 
7-OH-methotrexate are metabolized to polyglutamates (methotrexate -glu). Methotrexate-glu 
binds to DHFR and has high affinity for enzymes that require folate as cofactors, including 
thymidylate synthase (TS) and 5-aminoimidazole-4-carboxamide ribonucleotide (AICAR) 
tranformylase [13]. The inhibition of TS interferes with the synthesis of DNA. The increase 
of AICAR leads to the release of adenosine into the blood stream [14,15]. 

Once administered, 3-12% of the methotrexate molecules are hydroxylated in the liver 
and circulate as 7-OH-methotrexate. Extracellular methotrexate is attached to a and (3 folate 
receptors. A number of anti-inflammatory effects exerted by methotrexate seem to be related 
to the increased levels of extracellular adenosine, which in turn produce an inhibitory effect 
on interleukin (IL)-8 in peripheral blood mononuclear cells (PBMC), a reduction of IL-6, and 
a decreased expression of synovial collagenase. Other well-known effects of methotrexate 
include (Table 9.1): 

• decreased IL-1 activity [16]; 

• decreased levels of IL-6 and soluble IL-2 after 12 weeks of therapy [17]; and 

• decreased production of leukotriene B4 [18]. 
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The effects of methotrexate at the synovial tissue level include: 

• reduction of monocyte cell growth and induction of their apoptosis [19]; 

• increased expression of IL-4 and IL-10 genes and decrease expression of 
pro -inflammatory Thl cytokines genes (IL-2 and interferon-y) [13]; 

• indirect inhibition of cyclooxygenase-2 (COX-2) synthesis and neutrophil 
chemotaxis [13]; and 

• indirect inhibitory effects on synovial metalloproteinase production and stimulatory 
effect on their inhibitors (tissue inhibitor of metalloproteinases ) [13]. 

Methotrexate can be given orally or parenterally. When administered orally, the absorption is 
dose-dependent. Peak serum levels are achieved within 1-2 hours. With doses of up to 25 mg, 
the bioavailability is about 60%; at higher doses, methotrexate is not absorbed as well. With 
subcutaneous administration, peak levels are reached in 1 hour. After absorption, about 50% 
of methotrexate binds to albumin [20]. 

Methotrexate is excreted mainly by the kidneys (about 70-80%) and the billiary tract 
(about 10-20%). Renal excretion is through glomerular filtration and tubular secretion. The 
toxicity of methotrexate is related primarily to its clearance rate by the kidney, rather than to 
the peak level achieved after its administration [21]. Some interactions of methotrexate with 
other drugs have been documented. Table 9.2 lists these potential interactions. 

Dosing 

Methotrexate is available in tablet and injectable form. The oral form consists of 2.5 mg tablets. 
The most common injectable form is 25 mg/mL. Table 9.3 shows the common routes of admin- 
istration and dosing. 

In chronic liver disease and chronic kidney disease, the drug should be monitored closely 
and it is recommended to adjust the dose (Table 9.4). Patients with end-stage renal disease 
(ESRD) on hemodialysis should not be treated with methotrexate [26]. 

Benefits 

The response rate to methotrexate treatment is approximately 70%; response is generally 
observed after 6-8 weeks of therapy [27]. This efficacy rate has been corroborated in multiple 
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studies [28-30]. The drug-survival curve of methotrexate indicates that at 5 years, there is a 
50% probability of still taking the drug, compared to 15-20% for other drugs (eg, gold salts, 
D -penicillamine) [1]. Table 9.5 shows a comparison of efficacy rates of the most common oral 
DMARDs for the treatment of RA [27]. 

Radiographic progression seems to continue in patients on methotrexate but at a slower 
rate. Figure 9.5 shows a summary of studies of radiographic progression with methotrexate 
(includes a study in which methotrexate and etanercept are compared) [31]. There is strong 
evidence suggesting that the combination of methotrexate and biologic agents is superior to 
methotrexate alone in the prevention of radiographic progression (Figure 9.6) [32]. 

Monitoring 

Table 9.6 shows the accepted recommendations for monitoring methotrexate treatment 
[32-34]; these recommendations were originally established in 1994. In addition, the follow- 
ing should be taken into consideration: 

• age and cumulative dose predispose to liver toxicity; 

• pulmonary injury may occur at any time; 

• monitor for infections and the possible occurrence of lymphomas; and 

• take caution with the concomitant administration of other antifolates. 

The threshold to recommend a liver biopsy by rheumatologists has increased over the years, 
which is in conflict with what dermatologists recommend [35]. In other words, patients on 
methotrexate who are treated by dermatologists may undergo liver biopsies more frequently 
than those treated by rheumatologists. For these patients, it seems reasonable to consider 
liver biopsies when risk factors are present, including history of diabetes, hepatitis, obesity 
and alcohol consumption [36]. 

Special populations 

In certain populations, special care should be taken with methotrexate treatment. 

• Pregnancy and lactation: methotrexate is in Category X as per the FDA classification 
(ie, should not be taken). During lactation, methotrexate is contraindicated [37]. 

• Female fertility: methotrexate has a temporary negative effect on fertility; however, 97% 
of women conceived one year after methotrexate discontinuation [37]. Women pursuing 
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pregnancy should discontinue methotrexate at least 3, but preferably 6, months before 
planning a pregnancy [37,38]. 

• Male fertility: methotrexate produces marginal reversible oligospermia [37] . Men 
pursuing fathering a child should discontinue methotrexate 6 months before planning 
a pregnancy [37]. 

• Children: same as adults, although less frequent monitoring is probably reasonable [39] . 

• Elderly: American College of Rheumatology (ACR) guidelines are the same in the 
elderly as for younger adults [40]. Renal function should be monitored. 

Side effects 

Table 9.7 shows the reported adverse events with low-dose methotrexate therapy [33]. 
Methotrexate nodulosis has been well described in patients receiving methotrexate for RA, 
but not for other conditions [24]. Figure 9.7 is a chest compterized tomography (CT) scan of 
a patient with non-specific interstitial pneumonitis pattern after 3 months of therapy with 
methotrexate for RA. The patient had a normal chest X-ray film prior to initiation of metho- 
trexate therapy. Figure 9.8 is an image of a patient who developed oral ulcers shortly after the 
initiation of treatment with methotrexate without concomitant folic acid administration. 

Management of side effects 

Figure 9.9 depicts an accepted general algorithm for initial management of suspected adverse 
events related to methotrexate treatment for RA. Table 9.8 summarizes the usual recommen- 
dations for the management of side effects related to methotrexate administration for the 
treatment of RA [41-47]. Table 9.9 summarizes some of the general accepted recommenda- 
tions for special circumstances [41,47,49-53]. In addition, it is highly recommended that the 

rheumatologist discusses the specific situation with the surgeon involved in patient care [48]. 
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Figure 9.1 Evolution of rheumatoid arthritis treatment over time. 



Figure 9.2 Molecular structure of methotrexate. 



Figure 9.3 Molecular structure of dihydrofolic folic acid. 
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Figure 9.4 Main mechanisms of action of methotrexate, (a) Strong inhibition of AICAR->FAICAR results in 
the accumulation of AICAR. (b) Accumulated AICAR inhibits AMP deaminase and adenosine deaminase (ADA), 
(c) Adenosine is increased in the intracellular space, (d) Intracellular accumulation of adenosine eventually leads 
to increased concentration of adenosine in the extracellular space, (e) Adenosine binds to receptors Al, A2a, and 
A2b. (f) Cyclic adenosine monophosphate (cAMP) accumulates in the cell, (g) Higher concentrations of cAMP 
lead to immunosuppression. AICAR, 5-amino- l-(3-D-ribofuranosyl-imidazole-4-carboxamide; AMP, adenosine 
monophosphate; CD73, cluster of differentiation 73; FAICAR, 5-formamidoimidazole-4-carboxamide ribotide; 
FGAR, formyl- glycineamide ribonucleotide; GAR, glycineamide ribonucleotide; IMP, inosine monophosphate; 
MTX, methotrexate. Reproduced with permission from Cutolo et al [13] ©BMJ. 


Atlas of Rheumatoid Arthritis 181 







Area/compartment Effect/ mechanism 

Enzymes 1. Inhibits DHFR 

2. Inhibits AICAR 

3. Increases the release of adenosine 

4. Inhibits COX-2 synthesis (indirectly) 

Cytokines 1 . Inhibits IL-8 in PBMC 

2. Decreases IL-6 levels 

3. Decreases IL-1 activity 

4. Decreases production of leukotriene B4 

5. Increases gene expression of IL-4 and IL-10 

6. Decreases gene expression of Thl cytokines 

Synovial tissue 1 . Decreases monocytic cell growth 

2. Indirect inhibitory effects on synovial MMP 

3. Stimulates inhibitors of MMP (TIMP) 

Table 9.1 Effects/mechanism of action of methotrexate. AICAR, 5-amino- 1- (3-D-ribofuranosyl-imidazole- 
4-carboxamide; COX-2, cyclooxygenase-2; DHFR, dihydrofolate reductase; IL, interleukin; MMP, matrix 
metalloproteinases; PBMC, peripheral blood mononuclear cells; Thl, T helper type 1; TIMP, tissue inhibitor 
of metalloproteinases. 


Drug group 

Interaction 

Reference 

Sulfa drugs 

Severe folate deficiency 

[22] 

Salicylates 

Competitors of binding proteins 

[23] 

NSAIDs 

Effect on renal clearance 

[24] 

Leflunomide 

Liver toxicity 

[25] 

Azathioprine 

Liver toxicity, GI side effects 

[26] 


Table 9.2 Interactions of methotrexate with other drugs. NSAIDs, nonsteroidal anti-inflammatory drugs; 
GI, gastrointestinal. 
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Methotrexate 

Strength 

Dose 

Oral (tablets) 

2.5 mg 

5-25 mg weekly 
(2-10 tablets weekly) 

Injectable 

25 mg/mL 

0.2 mL- 1 mL weekly 


Table 9.3 Methotrexate dosing. 


Methotrexate 

LFTs <3X 

LFTs >3X 

GFR <50 

GFR <20 




mL/min/ 1.73m 2 

mL/min/ 1.73m 

Dose 

25-50% 

(5-10 mg) 

Do not use 

25-50% 

Do not use 


Table 9.4 Methotrexate administration and chronic kidney and liver disease. LFT, liver function test; GFR, 
glomerular filtration rate. 


Drug 

Onset of action 

Efficacy rate (%) 

Methotrexate 

6-8 weeks 

70 

Leflunomide 

2-3 months 

50 

Hydroxychloroquine 

2-6 months 

30-50 

Sulfasalazine 

2-3 months 

30 


Table 9.5 Efficacy rate of methotrexate and other disease modifying antirheumatic drugs. Efficacy is measured 
as the average count of number of tender joints, swollen joints, physician global assessment and the values of eryth- 
rocyte sedimentation rate and C-reactive protein levels before and after treatment with methotrexate. 
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a Total Sharp score 

P =0.001; 25 mg vs MTX at 24 months 
P= 0.032; 25 mg vs 10 mg at 24 months 


Etanercept 25 mg 
* Etanercept 10 mg 
Methotrexate 



b Erosions 

P =0.001; 25 mg vs MTX at 24 months 
P= 0.027; 25 mg vs 10 mg at 24 months 



c Joint space narrowing 

P— 0.163; 25 mg vs MTX at 24 months 
P— 0.163; 25 mg vs 10 mg at 24 months 



Figure 9.5 Mean changes in (a) Sharp total scores, (b) erosions scores, and (c) joint space narrowing scores in 
patients treated with methotrexate and etanercept over a 24-month period. MTX, methotrexate. Reproduced 
with permission from Genovese et al [31] ©Wiley. 
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Figure 9.6 Mean changes from baseline to Week 52 in the (a) modified total Sharp radiographic progres- 
sion score (extrapolated data), (b) erosion scores (last observation carried forward [LOCF] data), and (c) 
joint space narrowing scores (LOCF data) among the patients receiving adalimumab 40 mg every other 
week plus methotrexate (MTX), adalimumab 20 mg weekly + MTX, and placebo + MTX. *P<0.01; fP^O.OOl; 
$P< 0.05 versus placebo (by analysis of covariance, baseline value are the covariates). Adapted with permission 
from Keystone et al [32] ©Wiley. 
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Methotrexate treatment Recommendations 

B aseline CB C with differential and platelets 

B12 and folate levels 
Hepatitis B and C serologies 

Chest radiograph and pulmonary function tests (if clinically indicated) 

Baseline liver biopsy only if: history of alcohol abuse, elevated transaminases, or 
history of chronic hepatitis B or C 

Monitor (4-8 weeks) CBC 

LFTs, albumin, creatinine 

Liver biopsy if: 5/9 (or 6/12) transaminase determinations are abnormal (over 
1 year) and do not subside with a decrease in the weekly dose of MTX, or 
discontinuation of NSAIDs 

Decrease in serum albumin (in patients with well controlled RA) 

Table 9.6 Methotrexate monitoring guidelines. CBC, complete blood count; LFT, liver function tests; MTX, 
methotrexate; NSAIDs, nonsteroidal anti-inflammatory drugs; RA, rheumatoid arthritis. 



Figure 9.7 Non-specific interstitial pneumonitis pattern after 3 months of therapy with methotrexate. 
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Organ/system 

Side effect 

Gastrointestinal tract 

Oral ulcers 

Dyspepsia 

Abdominal pain 

Diarrhea 

Gastrointestinal bleeding 

Blood 

Macro cyto sis 

Cytopenias 

Liver 

Elevation of liver function tests 

Fibrosis 

Cirrhosis 

Lungs 

Interstitial pneumonitis 

Diffuse interstitial fibrosis 

Cardiovascular system 

Atherogenesis (unclear if methotrexate is the cause) 

Central nervous system 

Headaches 

Dizziness 

Neurocognitive impairment 

Encephalopathy (rare) 

Musculoskeletal system 

Myalgias 

Arthralgias 

Flu-like symptoms 

Skin 

Rash 

Alopecia 

Actinic keratosis 

Genitourinary tract 

Erectile dysfunction 

Gynecomastia 

Reproductive system 

Abortions 

Fetal death 

Aminopterine syndrome 

Cancer 

Leukemia 

Lymphoma 

Lungs 

Others 

Nodulosis 

Delayed wound healing 

Opportunistic infections 

Table 9.7 Methotrexate side effects. Reproduced with permission from Alacon et al [33] ©LWW. 
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Figure 9.8 Oral ulcers in patient treated with methotrexate. 
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Figure 9.9 Accepted general algorithm for initial approach to management of suspected adverse events related 
to treatment with methotrexate for rheumatoid arthritis. 
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Adverse event 

Recommendation 

Oral ulcers 

Increase folic acid dose, dose reduction [41] 

Dyspepsia, abdominal pain, diarrhea 

Reduce dose, treat symptoms, consider switching to parenteral 
methotrexate [41] 

Gastrointestinal bleeding 

Stop methotrexate. Could rechallenge (on a lesser dose) once 

GI bleeding has been properly treated. Consider proton pump 
inhibitors. Consider switching to parenteral methotrexate [41] 

Macro cyto sis 

Increase folic acid dose. B12 supplementation if indicated [42] 

Cytopenias 

Elevation of liver function tests 

For values below 50% of baseline, withhold methotrexate and check 
CBC weekly. May rechallenge once problem is resolved. Consider 
higher doses of folic acid and methotrexate dose reduction [43,44] 

For values less than 3x normal/baseline: reduce the dose and monitor 
liver function tests more frequently [41,44] . 

For values higher than 3x normal/baseline: discontinue [41] 

Cirrhosis, fibrosis 

Methotrexate is contraindicated 

Cough, shortness of breath 

Discontinue methotrexate [41] 

Headaches, dizziness 

Arthralgias, myalgias 

Reduce methotrexate dose and treat symptoms. 

Observe. If no resolution, consider discontinuing methotrexate [45] 

Symptomatic treatment. May need to reduce dose. Consider higher 
folic acid dose 

Alopecia 

If intolerable, discontinue methotrexate [41] 

Nodulosis 

Discontinue methotrexate. May try D-penicillamine [46] 

Neoplasia Careful monitoring [47] 

Table 9.8 Recommendations for the management of methotrexate-related side effects. 

Procedure 

Action 

Dental procedures 

1. Cleaning 

2. Minor oral surgeries 

1. No need to change dose or day of methotrexate administration 

2. Hold methotrexate one week before and one week after procedure 
[49] 

Intra- abdominal surgeries 

Hold methotrexate one week before and one week after [50,5 1 ] 

Elective orthopedic procedures 

No need to hold or change day of methotrexate administration 
[41,47] 

Ocular procedures 

No need to hold methotrexate [52] 

Cardiac procedures 

No need to hold methotrexate [53] 

'Dirty' or contaminated procedures 

Hold methotrexate until situation resolves 

Joint replacements 

Most surgeons would prefer to hold methotrexate treatment for 2 
weeks before and 2 weeks after a procedure for fear of infection and 
delayed wound healing. However, there is evidence that suggests that 
it is safe to continue methotrexate in patients undergoing elective 
surgery [47] 


Table 9.9 Recommendations for the use of methotrexate during dental and surgical procedures. 
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Immunotherapy 


Sarah C Horton, Maya H Buch 

Introduction 

The mainstay of treatment for rheumatoid arthritis (RA) — use of disease- 
modifying antirheumatic drugs (DMARDs) — affects a range of cellular 
targets in the immune system. Conventional synthetic or nonbiological 
DMARDs (nbDMARDs), so-called for their ability to modulate the impact 
of the disease on joint damage, have historically been discovered through 
experimental use. Their mechanisms of action in the immune system, 
however, have not yet been fully elucidated. Increased understanding of 
the pathogenesis of RA has led to the development of biological DMARDs 
(bDMARD), with specific targets including cytokines, immune cells, and 
immune pathways. Over the last 15 years, the availability of highly effective 
biologic therapies and evolution of management principles to diagnose and 
treat early and aggressively, using nbDMARDs and bDMARDs, has led to 
markedly improved patient outcomes [1]. Such an approach not only results 
in greater disease control, but reduces long-term corticosteroid use and its 
associated complications, as well as impacting the systemic manifestations 
and comorbidities associated with chronic RA [1]; in particular, increased 
cardiovascular disease has emerged as an area of significant concern that 
could be moderated by optimal disease control [2,3]. Remission is now 
accepted as a realistic goal for patients with RA, with recent guidelines 
recommending escalation of therapy in patients who are not achieving a 
predefined target (ideally remission) [4]. 

The efficacy of bDMARDs was initially demonstrated in patients with 
established RA resistant to conventional DMARDs, including methotrexate 
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(MTX). Those currently licensed for use in Europe and the United States for this indication 
include several tumor necrosis factor (TNF)-a inhibitors, tocilizumab (an interleukin [IL] -6 
receptor inhibitor), and abatacept (an inhibitor of T cell co -stimulation). Rituximab, a B-cell 
depleting therapy, is licensed for use in patients who have had an inadequate response or 
intolerance to a TNF inhibitor. 

With advances in clinical research demonstrating the importance of early aggressive 
treatment of RA to prevent long-term disability, bDM ARDs have also been trialled in early 
RA (initially in MTX-naive patients with poor prognosis, and more recently, short-term 
use of TNF inhibitors for the purpose of remission induction). Consequently, a number of 
TNF inhibitors are now approved for severe progressive RA prior to the failure of nbD- 
MARDs, including MTX. Evidence-based guidelines published by the American College of 
Rheumatology (ACR) recommend TNF inhibitors as first-line therapy in patients with high 
disease activity and features of poor prognosis [5]. 

The most commonly used nbDM ARDs are MTX, sulfasalazine, hydroxychloroquine, and 
leflunomide and their immune mechanisms will be reviewed. This chapter will also discuss 
advances in the understanding of immunopathogenic mechanisms in RA which have steered 
the development of several bDM ARD therapies. Efficacy of such therapies in major Phase III 
trials in patients with MTX-inadequate response, as well as MTX-nai've patients with poor 
prognosis, is also summarized. 

Use of immunotherapies that target pathways in the innate and adaptive immune system is 
associated with potential safety concerns, not least infection and malignancy [6-11]. Although 
placebo-controlled trial data available for biologic therapies have been largely reassuring 
[12-19], the short-term follow-up and selection of patients in these studies must be considered. 
Evidence for the long-term safety of these agents is beginning to emerge from observational 
cohorts and national registries [7-11, 20], in particular for TNF inhibitors, which have been 
in use the longest amongst biologic therapies. Safety considerations influencing choice of 
therapy, such as comorbidities and pregnancy, are also highlighted here. 

Nonbiologic disease-modifying antirheumatic drugs 

Methotrexate 

As discussed in Chapter 9, MTX is a folate antimetabolite. Low-dose MTX for the treatment of 
RA may also act through suppression of T cell activation and decreased expression of adhesion 
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molecules by such cells via inhibition of alternative enzymes involved in purine metabolism 
and the subsequent accumulation of adenosine [21]. MTX is considered the ‘anchor’ drug in 
the management of RA. Evidence-based guidelines published by the European League Against 
Rheumatology (EULAR) recommend MTX as first-line therapy, unless contraindications 
are present [22], while other groups recommend initiating MTX in combination with other 
nbDMARDs [23]. Results of meta-analyses differ regarding whether or not the combination 
of MTX with other nbDMARDs is more effective than MTX alone; potentially, inclusion of 
a corticosteroid in combination strategies may be responsible for the benefit observed with 
these regimens [24,25]. However, it is accepted that efficacy of particular biologies (includ- 
ing TNF inhibitors) is augmented when combined with MTX when compared to biologic 
monotherapy alone [26]. 

Sulfasalazine 

Sulfasalazine was initially used in RA due to its antibacterial properties in the context of a 
hypothesis that there was an infectious etiology for RA. The mechanism of action of sulfasala- 
zine is not fully understood. In vitro, anti-inflammatory and immunomodulatory effects of 
sulfasalazine have been demonstrated including inhibition of lymphocyte migration, T cell 
proliferation, and activation of B cells [27]. However, sulfasalazine is poorly absorbed from the 
gut into the bloodstream; it is broken down by intestinal flora into metabolites 5-aminosaly- 
cylic acid, equally poorly absorbed, and sulfapyridine. Possible explanations for the efficacy 
of oral sulfasalazine include a potential effect at the level of the gut-associated lymphoid 
tissue or an effect of the absorbed metabolite sulfapyridine, blood levels of which are known 
to correlate with side effects of the drug [28]. Due to potential safety concerns with MTX, 
sulfasalazine may be the preferred first-line drug for some patients. 

Hydroxychloroquine 

Hydroxychloroquine is an antimalarial drug. As a lipophilic weak base, similar to other anti- 
malarial agents, it is thought to permeate plasma membranes and accumulate in intracellular 
lysosomes, with the resultant alteration in pH inhibiting proteases and affecting phagocytosis. 
More recently, an alternative mechanism of action has been proposed; evidence has emerged 
that hydroxychloroquine inhibits the stimulation of toll-like receptors (TLRs), in particular 
TLR9 (ie, receptors which induce inflammatory responses through activation of the innate 
immune system) [29]. The onset of action of hydroxychloroquine is delayed in comparison 
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to other nbDMARDs (2-4 months, compared to 6-8 weeks), and it appears to lack the ability 
to significantly slow radiographic progression when used alone. Consequently, hydroxychlo- 
roquine monotherapy tends to be reserved for a select subset of patients, such as those who 
are elderly, have multiple comorbidities, and/or those with characteristics of mild disease. 

Leflunomide 

Leflunomide is a relatively new drug in comparison to other nbDMARDs. Through inhibi- 
tion of de novo pyrimidine synthesis (inhibiting the mitochondrial enzyme dihydroorotate 
dehydrogenase), it prevents the proliferation of activated lymphocytes, whilst other replicating 
cells are capable of recycling ribonucleotides and are, therefore, less dependent on de novo 
synthesis [30]. Its active metabolite, A771726, has a long plasma half-life (15-18 days). In the 
instance of the need for rapid drug elimination, clearance is possible using oral cholesyramine 
(8 g three times daily for 11 days). 

Biologic disease-modifying antirheumatic drugs 

Pathogenesis of rheumatoid arthritis and targets of action 

It is known that abnormalities in the immune system may pre-date the onset of clinical syno- 
vitis by several years. These include development of autoantibodies including anti-citrullinated 
peptide antibodies (ACPA) [31,32] and T cell abnormalities [33]. Although the trigger in the 
development of synovitis is as yet unknown, once it is established, synovial macrophages and 
fibroblasts play key roles in the perpetuation of inflammation and destruction of articular 
cartilage and bone through complex cytokine networks (Figure 10.1) [34]. A summary of 
bDMARDs licensed for use is presented in Table 10.1. 

Tumor necrosis factor inhibitors 

TNF-a has been recognized since the 1980s as a pivotal cytokine in synovial inflammation, 
with TNF inhibitors acting upstream within the cytokine network [35]. TNF-a and IL-6 
(inhibited by tocilizumab) are pleiotropic cytokines, with multiple roles in the mediation of 
inflammation and destruction of cartilage and bone. The major producers of these cytokines 
in the inflamed joint are neutrophils and macrophages. 

The first biologic therapy to become available was the TNF inhibitor etanercept, shortly 
followed by infliximab. For a proportion of patients, however, TNF inhibitor therapy is not 
effective, either from the outset (primary nonresponse), or with a loss of efficacy over time 
(secondary nonresponse) [36]. TNF inhibitors may also be inappropriate for some patients due 
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to safety concerns. The need for alternative treatment options fuelled the development and sub- 
sequent introduction of alternative biologic therapies in RA, including alternative TNF inhibi- 
tor therapies with alternative routes and/or frequencies of administration (eg, adalimumab, 
certolizumab, and golimumab). 

Over and above introducing a choice in regimen, differences in the structure of TNF 
inhibitors infer differences in their modes of action (Figure 10.2) [37], which has implications 
for their efficacy (poor response to one TNF inhibitor does not denote poor response to others) 
and safety. For example, etanercept has been associated with a lower risk of tuberculosis reac- 
tivation and certolizumab may be less likely to cross the placenta than other TNF inhibitors 
(perhaps due to its lack of the fixed fragment [Fc] of immunoglobulin) [38,39]. 

TNF-a acts through binding to two receptors (p55 and p75) that form dimers at the cell 
surface. In vitro assays suggest that whilst all TNF inhibitors bind soluble and membrane- 
bound TNF-a, preventing binding and activation of the p55 and p75 receptors, the potency 
of binding varies amongst the agents: certolizumab pegol and the monoclonal antibodies 
inhibit the effects of membrane-bound TNF-a in a concentration-dependant manner, whilst 
etanercept was found to be two-fold less potent [40]. This may be significant, as binding to 
membrane-bound TNF-a may not only block the actions of TNF-a, but also activate the cell 
(reverse signaling), potentially inducing apoptosis [41]. Furthermore, the Fc component of the 
monoclonal antibodies enables two other modes of action that could potentially result in addi- 
tional immunosuppression; the fixation of complement and therefore lysis of leucocytes that 
express surface-bound TNF-a, and binding to Fc receptors on leucocytes (affecting processes 
such as phagocytosis, antibody-dependant cytotoxicity, degranulation and cytokine release) 
[41,42]. Despite possession of an Fc fragment, fixation of complement by etanercept has not 
been demonstrated consistently, and binding to Fc receptors occurs to a lesser extent (perhaps 
because of the conformational or steric differences of the Fc component in this molecule) [41]. 

Rituximab 

Rituximab selectively depletes CD20-expressing cells (the majority of B cell subtypes, except 
those in the very early stages of development and plasma cells). Binding rituximab to CD20 
causes destruction of B cells through complement-mediated cytotoxicity (with induction of 
the membrane attack complex), as well as antibody-dependant cell-mediated cytotoxicity 
(eg, phagocytosis and direct cell lysis) (Figure 10.3) [43]. Rituximab causes almost complete 
depletion of B cells in the blood, which, although transient, lasts for several months [44], as 
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well as partial depletion in the bone marrow and synovial tissue. This drug is discussed in 
more detail in Chapter 11. 

Abatacept 

Abatacept inhibits the activation of naive T cells (Figure 10.4) [45]. For T cell activation, a co - 
stimulatory signal is necessary in addition to T cell receptor binding to the antigen complex 
with MHC. This is produced by binding of a CD28 molecule on the T cell surface to CD80/ 
CD86 molecules on the surface of an antigen-presenting cell. T cells are capable of express- 
ing cytotoxic T-lymphocyte antigen 4 (CTLA 4), which binds to CD80/CD86 more readily 
than CD28, thereby preventing this second process. Abatacept, containing the extracellular 
domain of CTLA 4, therefore inhibits activation of naive T cells, but may also prevent the T 
cell from inducing maturation of autoreactive B cells [46]. 

Tocilizumab 

The binding of tocilizumab to IL-6 receptors (soluble and membrane-bound) prevents the 
binding of IL-6, therefore preventing formation of dimers of gpl30 (a transmembrane gly- 
coprotein) and the subsequent activation of intracellular mechanisms of signal transduction 
(Figure 10.5) [47]. Amongst its many roles, IL-6 is involved in differentiation of B cells into 
plasma cells and activation of T cells [48,49]. 

Efficacy in established rheumatoid arthritis 

The primary outcome measure used in pivotal Phase III trials, 20% improvement in the 
ACR response criteria (ACR20), was met in approximately 60% of patients receiving TNF 
inhibitors in combination with MTX [12-16]. ACR20, although reliable at discriminating 
active treatments from placebo effects and commonly used as the primary outcome measure 
in randomized controlled trials (RCTs) of RA treatment, is of limited use for measuring the 
status of disease activity in an individual patient. By contrast, the Disease Activity Score (DAS), 
a composite measure including tender and swollen joint counts, patient global assessment, 
and a biochemical inflammatory marker, relates to the prevailing disease state and is useful 
in clinical practice. A Disease Activity Score in 28 joints (DAS28) of less than 2.6 and other 
measures of clinical remission are reported in more recent trials [16]. 

A significant difference in ACR20 response and/or components of the ACR was observed 
with TNF inhibitors (in comparison to placebo/MTX groups), from as early as the first 
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assessment (week 1 observed in ARMADA [15], RAPID 1 [13], and Weinblatt et al [12]; week 
2 in ATTRACT [14]; and week 4 in GO-FORWARD [16]). The aforementioned studies are 
summarized in Figure 10.6 [12-16]. 

In addition to clinical efficacy, radiographic outcomes were also assessed in several of 
these trials, demonstrating superior efficacy of TNF inhibitors in retardation of radiographic 
progression of joint damage [13,14], with the exception of golimumab in GO-FORWARD [16]. 
This may be explained by the low rate of progression in the placebo/MTX group, potentially 
due to the favorable baseline characteristics of patients (including low baseline C-reactive 
protein, associated with decreased risk of radiographic progression), and the study design, 
which included X-ray assessment as early as week 16 in non-responders [16]. Radiographic 
data in trials of TNF inhibitors suggest these drugs confer protection against damage even 
amongst non-responders [50]. 

Similar to TNF inhibitors, ACR20 response rates with other bDMARDs (rituximab, 
abatacept, and tocilizumab) range between 50-70% (Figure 10.7) [17-19]. The DANCER trial 
investigated rituximab with MTX, with or without glucocorticoids [17]. After 4 weeks, clinical 
response was not significantly affected by glucocorticoid treatment, but steroids did ameliorate 
acute infusion reactions. Results are shown for rheumatoid factor-positive patients only, as an 
analysis of rheumatoid factor-negative patients (85 out of 465 patients) revealed no superior 
efficacy over placebo (48% achieved ACR20 at 24 weeks compared to 52% of controls), hence 
their results were excluded from the main analysis [17]. 

The AIM study also assessed radiographic change, showing approximately 50% reduction 
in the progression of radiographic damage when abatacept was added to MTX treatment; the 
median change in total Genant-modified Sharp score from baseline was 0.25 with abatacept 
plus MTX, compared to 0.53 with MTX therapy alone (P=0.012)[18]. 

Tocilizumab was assessed both alone and in combination with MTX in the CHARISMA 
trial; the greatest improvement was seen in those treated with tocilizumab plus MTX (ACR20 
achieved in 74%, compared to 63% with tocilizumab alone and 41% with placebo plus MTX; 
P=0.001 for tocilizumab plus MTX; P< 0.05 for tocilizumab alone versus placebo plus MTX) 
[19]. A subsequent RCT, ACT-RAY, has shown comparable efficacy between tocilizumab in 
combination with MTX and tocilizumab monotherapy, with no statistically significant dif- 
ference observed in the primary endpoint, DAS28 remission at 24 weeks (40% versus 35%, 
respectively; P=0. 19) [51]. 
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Meta-analyses confirm the efficacy of bDMARDs used in combination with MTX in com- 
parison to MTX monotherapy [26]. In a systematic literature review, 16 trials were identified 
and 6-month ACR responses were pooled (Figure 10.8); the overall relative risks (95% confi- 
dence intervals [Cl]) for ACR20, ACR50, and ACR70 were 2.16 (1.83-2.55), 3.20 (2.6-3.95), 
and 4.82 (2.43-9.57). Radiographic progression at 12 months was lower for patients receiving 
combination therapy with MTX plus infliximab, adalimumab, certolizumab pegol, abatacept, 
and tocilizumab versus MTX monotherapy. 

Efficacy of bDMARDs has been demonstrated in patients failing previous TNF inhibi- 
tor therapy (Figure 10.9) [52-55]. Rates of clinical response are impressive considering these 
patients may have failed multiple TNF inhibitors in the past; the proportion of patients receiv- 
ing two or more TNF inhibitors previously was 34% in GO -AFTER [52], 40% in REFLEX [53], 
and 50% in RADIATE [54]. 

Golimumab is unique amongst the TNF inhibitors, with RCT evidence of its efficacy in 
patients with inadequate response to alternative TNF inhibitors [52]. Over half of patients in 
the study had received previous TNF inhibitor treatment, which was stopped due to lack of 
efficacy, and approximately one-third of patients had received more than one TNF inhibitor 
in the past. A significant difference in the proportion of patients achieving the primary end- 
point - ACR20 response at 14 weeks - was demonstrated (35% compared to 18%; PcO.001). 
This rate of clinical response appears lower in comparison to other agents, although only 
two -thirds of patients were taking concomitant MTX, and the primary endpoint was earlier 
in comparison to other studies. Observational data also suggest lower responses to a second 
TNF inhibitor. The type of nonresponse to the initial TNF inhibitor (primary or secondary 
lack of efficacy or toxicity) may also be relevant in influencing likelihood of response to a 
subsequent TNF inhibitor. 

Until recently there has been a lack of studies directly comparing efficacy of bDMARDs; 
however, data are now beginning to emerge. The ADACTA trial assessed efficacy of tocili- 
zumab monotherapy in comparison to adalimumab monotherapy in patients for whom it 
was inappropriate to continue MTX (for example due to MTX intolerance). The primary 
endpoint was mean change in DAS28 from baseline at 24 weeks; mean change in DAS28 
was significantly superior with tocilizumab by an estimate of -1.5 (95% Cl; -1.8 to -1.1), by 
analysis of variance adjusting for confounders including baseline DAS28 and duration of RA 
(Figure 10.10) [56]. The AMPLE study compared subcutaneous abatacept and adalimumab, 
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both in combination with MTX, in the treatment of RA in bDMARD -naive patients with an 
inadequate response to MTX (Figure 10.11) [57]. The primary endpoint was non-inferiority 
by ACR20 response at 12 months. The estimated difference between groups was 1.8 (95% Cl; 
5. 6-9.2) supporting non-inferiority. 

Efficacy in early rheumatoid arthritis 

Inclusion criteria for earlier studies, ASPIRE [58] and PREMIER [59], comprised high disease 
activity with at least 8-10 swollen joints. Later studies (eg, COMET [60] and GO-BEFORE 
[61]) included patients with lower levels of activity; moderate disease activity in COMET, and 
at least four swollen joints (median DAS28 was 2.95-3.31 across groups) in GO-BEFORE. 
Patient characteristics differed across trials, but generally included presence of at least one 
poor prognostic factor such as autoantibody positivity (rheumatoid factor or AC PA), radio - 
graphic erosion, or raised serum inflammatory markers. 

In contrast to response in established disease (Figure 10.7), responses to biologic therapy 
(+/- MTX) in comparison to MTX monotherapy in early RA appear to be less striking (Figure 
10.12) [58-61]. However, this could be predicted due to superior response to MTX in a group 
that has not been selected for MTX nonresponse. Interestingly, a subanalysis of the COMET 
study suggests that patients earlier in the disease course may be more responsive to TNF 
inhibitors in comparison to those with late disease. For example, in the etanercept group, 
those with Very early RA’ (disease duration <4 months) were more likely to achieve remission 
than those with ‘early RA’ (disease duration of between 4 months and 2 years); frequency of 
remission was 70% in comparison to 48%, respectively (P= 0.0035) [62]. 

Moreover, radiographic data demonstrate additional benefit over and above improvement 
in clinical symptoms; even with a good clinical response to MTX (ie, 70% improvement in the 
ACR response criteria [ACR70]), radiographic non-progression was observed in only 43% of 
cases, in comparison to 72% of ACR70 responders treated with adalimumab and MTX [63]. 
Similar findings have been observed with other TNF inhibitors, for example with etanercept 
in the TEMPO trial [64]. 

The IMAGE study evaluated rituximab (2x500 mg or 2x1000 mg) with retreatment accord- 
ing to disease activity in MTX-nai've patients (disease duration up to 4 years, with presence of 
at least one poor prognostic factor) [65]. The target of treatment was remission and patients 
were retreated at or after 24 weeks if they were not in remission (remission: DAS28<2.6). 
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Remission at 1 year was achieved in 31% of patients receiving rituximab vs. 13% of patients 
in the control group (PcO.OOl) [65]. During the first 24 weeks, the higher dose (2x1000 mg) 
group demonstrated significantly superior joint protection compared with placebo, while the 
lower dose (2x500 mg) conferred numerical, although not statistical, radiographic benefit 
[65]. Therefore, the primary endpoint (inhibition of radiographic damage as measured by 
change in Genant-modified Sharp score at 1 year), was met only with the higher dose. Beyond 
24 weeks, however, radiographic progression was minimal and similar in both dose groups. 

Abatacept (in combination with MTX) was assessed in MTX-na'ive patients with early RA 
(disease duration up to 2 years) and poor prognostic factors (eg, seropositivity for rheumatoid 
factor and/or ACPA, and presence of radiographic erosions) [66]. Primary endpoints for the 
study were remission (DAS28<2.6) and Genant-modified total Sharp score at 1 year. DAS28 
remission was achieved in 42% of patients in the abatacept and MTX group, compared to 
23% taking MTX alone (P<0.001) [66]. There was also a significant slowing of radiographic 
progression (mean change in total score 0.63 vs. 1.06; P=0.040). 

In the AMBITION study, patients with disease duration >3 months who had previously 
discontinued MTX or TNF inhibitors for reasons other than inefficacy or a clinically important 
adverse event could be included [67]. A significantly higher proportion of patients receiving 
tocilizumab monotherapy achieved the primary endpoint of ACR20 response at 24 weeks (70% 
compared to 53%; P<0.0001), and one-third of patients achieved DAS28 remission, compared 
to 12% of patients receiving MTX (Figure 10.13) [67]. 

Cost- effectiveness of immunotherapy in early rheumatoid arthritis 

There are a number of limitations to consider when drawing conclusions from economic 
analyses such as that displayed in Figure 10.14 [68]. Due to a lack of direct head-to-head trials, 
they largely rely on comparisons of agents between different studies; heterogeneity of included 
studies may lead to limitations in accurately assessing utility scores, for example. In addition, 
models simplify a complex situation and may not take into account a number of costs (eg, 
change in work productivity). Difficulties in interpreting results are evident, as incremental 
cost- effectiveness ratios for TNF inhibitor therapies vary widely between analyses. Presently, 
it remains controversial to declare that first-line use of biologies maybe cost-effective. Studies 
suggest very early, short-term use may induce remission, which may be sustained despite 
biologic withdrawal [69-71]. It is perceivable that early short-term use may offset the need for 
long-term treatment with several sequential biologic therapies in the most resistant patients. 
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Recommendations for the use of disease-modifying antirheumatic 
drug therapies 

Several studies support initial MTX monotherapy with a step-up treatment to target regimen 
to achieve remission or at least a low disease activity state [72,73], as recommended by EULAR 
(Figure 10.15) [4,5,22]. In the Tight COntrol for Rheumatoid Arthritis (TICORA) study, for 
example, tight control of disease in the intensive treatment arm proved advantageous over 
routine treatment; intensive management involved monthly assessment and step-up to combi- 
nation DMARD therapy according to a target of low disease activity, in comparison to three- 
monthly monitoring without use of a formal measure of disease activity [72]. At 18 months, 
clinical remission (as defined by EULAR) was achieved in 65% of the intensive therapy group, 
compared to 16% of the routine treatment group (although the intensive group also received 
greater steroid doses). TICORA and other pragmatic studies demonstrate that remission is a 
realistic goal but it is not always achievable with conventional DMARD therapy alone [73]. In 
these patients, biologic therapy may be indicated; TNF-inhibitor therapies, and more recently, 
abatacept and tocilizumab, have been licensed for use in these patients. 

The Swedish Farmacotherapy (SWEFOT) study compared addition of a TNF inhibitor 
(infliximab) to addition of conventional DM ARDs (eg, sulfasalazine and hydroxychloroquine) 
in patients failing to achieve low disease activity after 3 months of initial MTX monotherapy 
[74]. The primary endpoint, a good response as defined by EULAR at 1 year, was achieved in 
significantly more patients randomized to receive infliximab than in those receiving conven- 
tional DMARDs (39% compared to 25%; P=0.016). 

Nevertheless, it remains to be determined whether this approach is optimal to achieve 
remission. Considering structural outcomes, strategy trials indicate greater inhibition of 
radiographic damage maybe achieved with first-line use of TNF inhibitors [75,76]. Therefore, 
individuals with poor prognostic factors may derive greater benefit from earlier first-line 
bDMARD intervention. Which strategy is most appropriate, and in which patients, remains 
to be determined. There is also increasing attention towards evaluating a bDMARD -induced 
remission induction approach followed by maintenance with nbDM ARD. 

The ACR recommends combination therapy (either combination nbDMARDs or a TNF 
inhibitor combined with MTX) as initial therapy for a subset of patients with poor prognosis 
(Figure 10.16) [5,22]. The COmBination therapy in Rheumatoid Arthritis (COBRA) study 
was the first to show a benefit with initial combination DMARD therapy over nbDMARD 
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monotherapy (in this study, sulfasalazine monotherapy) [77], shortly followed by the Finnish 
Rheumatoid Arthritis Combination Therapy Trial (FIN-RACo) [78]. The BeSt study, a random- 
ized, single-blind trial compared four treatment strategies in early RA: sequential DMARD 
monotherapy; initial MTX with step-up to combination DMARD therapy; initial combina- 
tion nbDMARD therapy with high dose corticosteroid; and initial infliximab with MTX 
[75]. More rapid clinical improvement was achieved when combination of nbDMARDs or 
infliximab with MTX was used as a first-line therapy, with less progression of joint damage 
appearing on radiographs [75]. In cases where disease remained effectively suppressed, drug 
therapies (preferentially corticosteroids and infliximab in the first instance) were tapered and 
withdrawn. This was most successful in the group initially treated with infliximab combina- 
tion therapy: 53% of patients were on a single drug for disease control at the end of the 2-year 
study (compared to 31-36% in other groups) [75]. The randomized double-blind TEAR trial 
suggested immediate triple therapy (MTX, sulfasalazine, and hydroxychloroquine) is at least 
as effective as initial etanercept in combination with MTX in MTX-naive patients, with no 
significant differences observed in the primary outcome (DAS28 -erythrocyte sedimentation 
rate [DAS28-ESR] from weeks 48 to 102), between these groups. However, there was an indica- 
tion that initial etanercept and MTX may be favorable in preventing radiographic progression 
in comparison to initial triple therapy (no progression observed in 79% vs. 65%) [76]. 

Safety of immunotherapy 

There is an increased risk of infection with the more potent nbDMARDs (eg, MTX and leflu- 
nomide) and viral hepatitis B and C screening is recommended in high-risk patients [79]. 
There is also the potential for these agents to promote myeloid/lymphatic malignancies or solid 
cancers. Post-marketing reports of lymphoma have been noted [80], but increased risk of lym- 
phoma is inherent with rheumatoid disease itself and other chronic inflammatory conditions. 

Regular blood monitoring (eg, full blood count, liver, and renal function tests, every 8-12 
weeks) is essential for patients receiving MTX, sulfasalazine, and leflunomide. Leflunomide, 
particularly when used in combination with MTX, may cause severe liver complications. In 
2001, the European Medicines Evaluation Agency reported 296 cases of hepatotoxicity in 
patients receiving leflunomide (129 considered serious, 2 cases of cirrhosis, 15 cases of liver 
failure, and 9 fatalities) [81]. Of the serious cases, 78% were concomitantly treated with other 
hepatotoxic drugs and 33% had other risk factors (including a history of alcohol excess and 
abnormal liver function) [81]. 
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Yearly opthalmology assessment is recommended with hydroxychloroquine use. The risk 
of macular retinopathy is negligible with doses of <400 mg, but it increases with chronic use 
(>5 years) and cumulative dose >1000 g [82]. 

The potential increased risk of malignancy with bDMARDs exists in the context of the 
established risk associated with RA and other chronic inflammatory diseases. A meta- analysis 
of 21 observational studies revealed malignancy rates may be increased in patients with RA 
by an estimate of 5%, compared to the general population when considering all cancers (stan- 
dardized incidence ratio [SIR] 1.05; 95% Cl; 1.01-1.09). Additionally, it is significantly higher 
for the risk of lymphoma (SIR 2.1; 95% Cl; 1.8-2. 4), and in particular, Hodgkin’s lymphoma 
(SIR 3.3; 95% Cl; 2. 6-4. 2) [83]. Although data from registries in regard to TNF inhibitors 
are reassuring [20], channelling bias may be present, with TNF inhibitors being avoided in 
patients at greatest risk, indicating caution should be exercised in such patients. This issue has 
begun to be addressed by two studies in which the incidence-rate ratio for recurrence with 
TNF inhibitors, in comparison to nbDMARDs, was calculated as 0.5 (95% Cl; 0.1-2. 2) and 
1.4 (0.5-5. 5) [84,85]. Safety considerations are listed in Tables 10.2 and 10.3 [86-98]. 

Prospective new targets for immunotherapy 

Novel targets for immunotherapies are continuously being identified and evaluated 
(Table 10.4). Research into the role of several key cytokines in the pathogenesis of RA has led 
to Phase I and II studies yielding initial data supporting the safety and efficacy of biologies 
inhibiting their action. These include inhibitors of B cell activating factor [99], IL-17 [100,101], 
IL-20 [102], and granulocyte-macrophage colony stimulating factor [103]. Insight into the role 
of regulatory T cells in the suppression of the immune response against self-antigens has also 
steered biologic drug development, with initial Phase II data for a humanized agonistic mono- 
clonal antibody, BT-061, demonstrating meaningful clinical responses with this drug [104]. 

In addition to new biologic therapies, small synthetic molecules targeting intracellular 
proteins involved in autoimmune pathways and phosphodiesterases involved in inflamma- 
tory networks are also being investigated. One clear advantage they provide over monoclonal 
antibodies is the potential option of oral administration. Recently published results of a Phase 
III trial of tofacitinib demonstrate its efficacy in combination with methotrexate as comparable 
to adalimumab in patients with active RA despite methotrexate; ACR20 response rate at 6 
months was 52% and 53% for tofacitinib 5 mg and 10 mg dose groups, respectively; 47% in 
those receiving adalimumab; and 28% in placebo controls [105]. Adverse events occurred more 
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frequently with tofacitinib than with placebo. In November 2012, tofacitinib was approved 
for use in the US for the treatment of patients with moderate-to -severely active RA who have 
had an inadequate response to, or who are intolerant of, methotrexate. 

In Phase II studies, significant clinical improvements with fostamatinib [106] and masi- 
tinib [107] have been reported in patients with an inadequate response to methotrexate or 
nbDM ARDs, respectively. However, in a Phase II trial of fostamatinib in patients previously 
receiving bDM ARD, ACR responses were no different in patients receiving fostamatinib from 
those receiving placebo at 3 months [108]. After initial proof of concept studies demonstrating 
potential efficacy of phosphodiesterase-4 inhibitors, Phase I and Phase II studies are currently 
underway [109]. Further discussion of emerging therapies can be found in Chapter 12. 


206 



Antigen 



T cell 

1 



Recruitment 

Neoangiogenesis 

Osteoclastogenesis 

Matrix 


Osteoclast activity 

degradation 


Figure 10.1 Targets of action of biological disease-modifying antirheumatic drugs. The first group of biologic 
therapies acts downstream on inflammatory cytokines (tocilizumab, TNF-a blockers, anakinra). The second group 
acts on lymphocyte biology, either by preventing the T-cell activation in interrupting the CD28-CD80/CD86 co- 
stimulatory pathway (abatacept) or by deleting CD20+ B lymphocytes which compromises antigen presentation 
and T- and B-cell activation and immunoglobulin secretion (rituximab). CXCL, chemokine ligand; IL, interleukin; 
IFNy, interferon gamma; TGF-(3, transforming growth factor beta; Th, T helper cell; TNF-a, tumor necrosis fac- 
tor alpha; MMP, matrix metalloproteinases; NO, nitric oxide. Reproduced with permission from Confavreux and 
Charpurlat [34] ©Springer. 
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Mechanism of 

action 

Name 

Structure 

Year of 
approval 
by the EMA 

TNF-a inhibition 

Etanercept 

Fusion protein; extracellular domains of two 75 kDA 
TNF-a receptors and constant fragment of human 
immunoglobulin 

2000 


Infliximab 

Mouse-human chimeric monoclonal antibody against 
TNF-a 

1999 


Adalimumab 

Humanized monoclonal antibody against TNF-a 

2003 


Certolizumab 

Peglylated antibody-binding fragment of 
immunoglobulin against TNF-a 

2009 


Golimumab 

Fully human monoclonal antibody against TNF-a 

2009 

B-cell depletion 

Rituximab 

Mouse-human chimeric monoclonal antibody against 
CD20 

2006 

Inhibition of T cell 
co -stimulation 

Abatacept 

Fusion protein; extracellular domain of CTFA-4 and 
human immunoglobulin 

2007 


Abatacept 


2012* 

Inhibition of IL-6 

Tocilizumab 

Monoclonal antibody against IF-6 receptor 

2009 


Tocilizumab 


2014 


Table 10.1 Structure and method of administration of biological disease-modifying antirheumatic drugs 
licensed for use. *Date of approval by European Commission. CD20, cluster of differentiation cell- surface pro- 
tein 20; CTLA-4, cytotoxic T-lymphocyte antigen 4; EMA, European Medicines Agency; FDA, Food and Drug 
Administration; IL, interleukin; IV, intravenous; SC, subcutaneous; TNF-a, tumor necrosis factor alpha. 
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Year of 
approval 
by the FDA 

Route 

Dose and frequency 

1998 

SC 

50 mg weekly or 25 mg twice weekly 

1999 

IV 

3 or 5 mg/kg at 0, 2, and 6 weeks then every 2 months. Weekly methotrexate must be 
administered to decrease immunogenicity. 

2002 

sc 

40 mg every 2 weeks 

2008 

sc 

400 mg at 0, 2, and 4 weeks then every 4 weeks 
or 200 mg every 2 weeks 

2009 

sc 

50 mg every 4 weeks 

2006 

IV 

1000 mg at 0 and 2 weeks. Retreatment regimens include retreatment on demand (at 
time of flare), retreatment to target (according to level of disease activity), or fixed 
retreatment every 6 months. 

2005 

IV 

10 mg/kg (one of three doses) every 4 weeks 

2011 

sc 

125 mg weekly 

2010 

IV 

4 mg/kg every 4 weeks 

2013 

sc 

162 mg every other week or weekly, according to body weight and response 
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Figure 10.2 Mechanism of action of tumor necrosis factor inhibitors, (a) Monoclonal antibodies (infliximab, 
adalimumab, golimumab); (b) Fusion protein (etanercept). p55 and p75 receptors: TNF-a receptors; mAb, mono- 
clonal antibody; TNF, tumor necrosis factor. Reproduced with permission from Mease [37] ©Springer. 
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Figure 10.3 Mechanism of action of rituximab. B-cell destruction by rituximab through activation of (a) com- 
plement; (b) macrophages; (c) NK cells. ADCC, antibody-dependant cell-mediated cytotoxicity; FcyR, Fc gamma 
receptor; MAC, membrane attack complex; NK, natural killer cell. Reproduced with permission from Taylor and 
Lindorfer [43] ©Nature. 
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Figure 10.4 Mechanism of action of abatacept. (a) T cell activation through T cell receptor binding to MHC 
expressed on the surface on an APC, and co- stimulation through CD28 binding to CD80/86; (b) Co -stimulation 
required for T cell activation prevented by T cell expression of CTLA 4; (c) Co-stimulation required for T cell activa- 
tion prevented by abatacept (CTLA4-immunoglobulin fusion protein). APC, antigen presenting cell; CD, cluster of 
differentiation; CTLA4, cytotoxic T-lymphocyte antigen 4; MHC, major histocompatibility complex; TCR, T-cell 
receptor. Reproduced with permission from Ruderman and Pope [45] ©Nature. 
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Figure 10.5 Mechanism of action of tocilizumab. Blockade of IL-6 signals by anti-IL-6 receptor antibody tocil- 
zumab. gpl30, glycoprotein 130 (transmembrane subunit of cytokine receptor); IL-6R, interleukin-6 receptor (mem- 
brane bound); sIL-6R, soluble interleukin-6 receptor. Reproduced with permission from Kishimoto [47] ©BMC. 
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Figure 10.6 Efficacy of tumor necrosis factor inhibitors in combination with methotrexate at 6 months in 
patients with active rheumatoid arthritis despite methotrexate treatment (methotrexate-inadequate response). 

Results are shown for licensed dose groups. ACR20/50/70: at least a 20/50/70% improvement in tender joint count, 
swollen joint count and three of the following; patient pain, patient global disease activity, physician global disease 
activity, physical function (eg, Health Assessment Questionnaire Disability Index), and acute-phase reactants, 
erythrocyte sedimentation rate, or C-reactive protein. ACR 20/50/70, American College of Rheumatology 20%; 
50%, and 70% improvement criteria; DAS, disease activity score; DAS28, disease activity score based on 28 joints; 
MTX, methotrexate. 
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Figure 10.7 Efficacy of non-tumor necrosis factor biological disease-modifying antirheumatic drugs therapies 
in combination with methotrexate at 6 months in patients with active rheumatoid arthritis despite methotrex- 
ate treatment (methotrexate-inadequate response). Results are shown for licensed dose groups. ACR20/50/70: 
at least a 20/50/70% improvement in tender joint count, swollen joint count and three of the following; patient 
pain, patient global disease activity, physician global disease activity, physical function (eg, Health Assessment 
Questionnaire Disability Index), and acute-phase reactants, erythrocyte sedimentation rate, or C-reactive protein. 
**Study duration in CHARISMA was 16 weeks (outcomes presented for study end). ACR, American College of 
Rheumatology; DAS28, disease activity score based on 28 joints; MTX, methotrexate. 
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Control 



Risk ratio Risk ratio 

Study or subgroup Events Total Events Total Weight (%) 
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Schiffetal ATTEST 104 
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7.0 
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— 

Kremer et al 69 

115 

42 
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6.6 

1.70 (1.28 to 2.26) 

— 

Kremer et al AIM 294 

433 

87 

219 

7.6 
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Figure 10.8 Meta-analysis of efficacy of biological disease-modifying antirheumatic drug therapies in combina- 
tion with methotrexate versus methotrexate monotherapy in patients with active rheumatoid arthritis despite 
methotrexate treatment (methotrexate-inadequate response): relative risk for ACR20 response at 6 months 
(continues overleaf). ACR20, American College of Rheumatology 20% improvement criteria; Cl, confidence 
interval. Reproduced with permission from Nam et al [26] ©BMJ. 
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Figure 10.8 ( continued ). 
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Figure 10.9 Efficacy of biological disease-modifying antirheumatic drug therapies at 6 months in patients with 
active rheumatoid arthritis despite previous tumor necrosis factor inhibitors. Results are shown for licensed 
dose groups. *In patients receiving nbDMARD at baseline this was continued (66% of patients received MTX, 
30% did not receive MTX, sulfasalzine, or hydroxychloroquine). MTX, methotrexate; nbDMARD, nonbiologic 
disease-modifying antirheumatic drugs. 
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Figure 10.10 Tocilizumab monotherapy versus adalimumab monotherapy for treatment of rheumatoid 
arthritis (ADACTA).*P< 0.0001 versus adalimumab. DAS28, disease activity score for 28 joints. Reproduced with 
permission from Gabay et al [56] ©BMJ. 



SC Abatacept Adalimumab 


Figure 10.11 Rate of ACR20 response at 12 months in the AMPLE study: subcutaneous abatacept versus 
adalimumab, both in combination with methotrexate. Error bars represent 95% confidence intervals. ACR 20, 
American College of Rheumatology 20% improvement criteria; SC, subcutaneous. Reproduced with permission 
from Schiff et al [57] ©BMJ. 
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Figure 10.12 Efficacy of tumor necrosis factor inhibitors in combination with methotrexate at 1 year in 
methotrexate-naive patients with early rheumatoid arthritis and poor prognostic factors. Results are shown 
for licensed dose groups. **Study duration in GO-BEFORE was 24 weeks (outcomes presented for study end). 
ACR 20/50/70, American College of Rheumatology 20%; 50%, and 70% improvement criteria; DAS28, disease 
activity score for 28 joints; MTX, methotrexate. 
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Figure 10.13 Efficacy of other biologic therapies at 1 year in methotrexate-naive patients with rheumatoid 
arthritis and poor prognostic factors. Results are shown for licensed dose groups.**Study duration in AMBITION 
was 24 weeks (outcomes presented for study end). ACR 20/50/70, American College of Rheumatology 20%; 50%, 
and 70% improvement criteria; DAS28, disease activity score for 28 joints; MTX, methotrexate. 
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Figure 10. 14 Cost-effectiveness analysis of treatment strategies in early rheumatoid arthritis. DMARD, disease- 
modifying antirheumatic drug; NSAID, nonsteroidal anti-inflammatory drug. Reproduced with permission from 
Scott et al [68] ©Lancet. 
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Figure 10.15 American College of Rheumatology (ACR) recommendations for the use of immunotherapies in 
early rheumatoid arthritis. *Disease activity assessed using a validated measure such as disease activity score (DAS); 
*Poor prognostic features include physical limitation (eg, Health Assessment Questionnaire score), extraarticular 
disease (eg, presence of rheumatoid nodules, rheumatoid arthritis [RA] vasculitis, Felty’s syndrome), as well as 
rheumatoid factor/ anti-citrullinated protein antibodies (ACPA) positive and radiographic erosions; ^Combination 
nonbiologic disease-modifying antirheumatic drugs (nbDMARDs) therapy with two nbDMARDs (commonly 
including methotrexate [MTX]) and triple therapy (MTX, sulfasalazine, and hydroxychloroquine). Reproduced 
with permission from Singh et al [5] ©Wiley. 
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Figure 10.16 Schematic representation of the European League Against Rheumatism (EULAR) recommen- 
dations for the use of immunotherapies in early rheumatoid arthritis. bDMARD: biologic disease-modifying 
antirheumatic drug; MTX, methotrexate; nbDMARD, nonbiologic disease-modifying antirheumatic drug, TNF, 
tumor necrosis factor. Reproduced with permission from Smolen et al [22] ©BMJ. 
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Table 10.2 Safety considerations in the use of conventional disease-modifying antirheumatic drugs. G6PD, glucose-6-phosphate dehydrogenase deficiency. 



TNF inhibitors 


Infection Serious infection: 6 per 100 patient-years (calculated from pooled British Society 

of Rheumatology Biologies Register (BSRBR) data of patients receiving infliximab, 
etanercept, or adalimumab) [86] 

Opportunistic infections, reactivation of latent tuberculosis, and viral hepatitis reported. 
Screening and anti-tuberculous/antiviral therapy recommended. Risk of reactivation 
of latent tuberculosis appears higher with infliximab and adalimumab when compared 
to etanercept [87] 

Malignancy Risk of nonmelanotic skin cancer appears increased with etanercept, infliximab, or 

adalimumab in comparison to nbDMARDs (meta- analysis of prospective observational 
studies/registries; risk estimate 1.5 (95% Cl; 1.2- 1.8) [92]. Risk of all malignancies or 
lymphoma was not increased 

Autoimmunity Development of ANA and anti-dsDNA. Rare cases of autoimmune hepatitis, vasculitis, 

drug-induced systemic lupus erythematosus (occurring in approximately 0.2% of 
patients), and new onset of psoriasis 

Pulmonary Acute and occasionally fatal exacerbations of interstitial lung disease (ILD) have been 

reported. In patients with preexisting ILD in the BSRBR, etanercept, infliximab, and 
adalimumab were associated with a trend towards higher rate of mortality (23%) 
compared to DMARD therapy (21%), although not statistically significant [94] . 
Subsequent registry data have not confirmed this but caution is usually exercised in 
patients with clinically relevant ILD 

Hematological Cases of cytopenias have been reported 


Cardiovascular Contraindicated in type III and IV NYHA cardiac failure 

Neurological/ Reports of new onset or exacerbation of demyelinating disease 

demyelination 

Hepatic Rare reports of hepatic failure, including autoimmune hepatitis 

Gastrointestinal 


Injection site/ Chimeric molecules (infliximab and rituximab) are associated with increased 

infusion reactions immunogenicity compared to humanised or fully human antibodies [98] 

Pregnancy There is a lack of evidence for the safety of biologies in pregnancy and lactation 

Table 10.3 Safety considerations in the use of biologic therapies. AIR, autoimmunity and rituximab; ANA, anti- 
nuclear antibodies; anti-dsDNA, anti- double stranded DNA antibodies; Cl, confidence interval; GI, gastrointestinal; 
NYHA, New York Heart Association; PML, progressive multifocal leukoencephalopathy. 
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Rituximab Abatacept Tocilizumab 


Serious infection: 5 per 100 patient- 
years (AIR registry) [88]. Hepatitis 
B reactivation has been associated 
with rituximab (in oncology and 
hematology literature). Screening 
and appropriate treatment is 
recommended. Incidences of PML 
have been reported; although rare, 
this is a grave complication [89] 


Serious infection: 5 per 100 
patient-years (preliminary data 
of 16 serious infections in 682 
patients) [88] 


Serious infection: 5 per 100 
patient-years (pooled data from 
clinical trials) [90]. Initial data 
from 112 patients treated in 
North Bavaria indicates rate may 
be increased in clinical practice 
(18 per 100 patient-years), but 
data from larger cohorts are 
awaited [91] 


Limited long-term data. Pooled trial safety data are reassuring 


Development of psoriasis has been 
reported [93] 

Autoimmune syndromes 
have been observed including 
vasculitis. New onset of psoriasis 
has been reported 

The impact of rituximab in patients 
with preexisting ILD is unclear 

Increased risk of exacerbations of Unclear 
chronic obstructive pulmonary 
disease (COPD) in clinical trials 
[95] 


Neutropenia (including late- 
onset). Hypogammaglobulinemia 
with rituximab associated with an 
increased risk of infection [96] 

Contraindicated in type IV NYHA 
cardiac failure 

Phase I and II trials suggest rituximab 
maybe effective in multiple sclerosis 
and neuromyleitis optica, however 
further evaluation is needed [97] . 
Reports of PML (see infection) 

Hepatitis B reactivation 


Contraindicated in patients who have 
had a hypersensitivity reaction to 
infliximab 


No clear signal but caution 
exercised 

Reports of multiple sclerosis. 
Potential risk in worsening of 
demyelination in patients with 
preexisting disorders 


Neutropenia maybe seen 


No clear signal but caution 
should be exercised 

Unclear 


Elevations in liver transaminases 

GI perforation (up to 3 per 1000 
patient-years). Caution should 
be exercised in patients with a 
history that could increase risk, 
such as diverticulitis 
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Target 

Drug 

Mechanism of action 

B-cell activating factor (BAFF) 

Tabalumab (LY2 127399) 

Human monoclonal antibody against BAFF 

Interleukin (IL) - 17 

LY2439821 

Humanized monoclonal antibody 
against IL-17 


Secukinumab (AIN457) 

Human monoclonal antibody against IL-17 

Interleukin-20 

NNC0109-0012 

Human monoclonal antibody against IL-20 

T- regulatory cells 

BT-061 

Humanized agonistic monoclonal antibody, 
activating T regulatory cells 

GM-CSF 

MORAb-022 

Human monoclonal antibody against 
GM-CSF 


MOR103 

Human monoclonal antibody against 
GM-CSF 


Mavrilumab 

Human monoclonal antibody against 
GM-CSF receptor- a 

Intracellular protein kinases 

Tofacitinib 
(formerly tasocitinib) 

Oral inhibitor of JAK 1 and 3 


Fostamatinib 

Oral inhibitor of jaks and spleen tyrosine 
kinase 


Barcitinib 

Oral inhibitor of JAK 1 and 2 


Masitinib 

Oral inhibitor targeting stem cell factor 
receptor (c-kit) and PDGF receptor 

Phosphodiesterases 

Apremilast 

Oral PDE4 inhibitor 


Revamilast 

Oral PDE4 inhibitor 


Table 10.4 Selection of prospective new immunotherapies with novel targets of action undergoing evalu- 
ation in rheumatoid arthritis clinical trials. GM-CSF, granulocyte-macrophage colony stimulating factor; 
JAK, Janus kinase; PDE4, phosphodiesterase-4 inhibitor; PDGF, platelet- derived growth factor. 
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Rituximab 


Ed Vital 


B-cell development and differentiation 

B cells develop from progenitor cells in bone marrow. They are released 
into the circulation as transitional B cells, and then become mature naive B 
cells. If they encounter their cognate antigen they undergo activation, may 
receive T-cell help in germinal centers, and then undergo class switching 
and affinity maturation, ultimately resulting in the generation of memory 
B cells and plasmablasts. The latter are short-lived in peripheral blood but 
if they can find a niche in bone marrow or inflammatory tissue (such as 
the rheumatoid arthritis [RA] synovium), then they may become short- or 
long-lived plasma cells that produce large quantities of secreted antibody 
for months to years (Figure 11.1) [1-6]. In some circumstances they maybe 
activated and differentiate without T-cell help or class switching. 

B cells in rheumatoid arthritis 

B cells were hypothesized to be involved in the earliest models of RA once 
rheumatoid factor (RF) had been identified as a disease-associated autoanti- 
body. However, the relationship of antibody to disease was not 1:1 and other 
evidence pointed to a crucial role for presentation of major histocompatibil- 
ity complex (MHC)-bound antigen, T-cell activation and synovial infiltra- 
tion and macrophage and fibroblast- derived cytokines [7]. A fresh model 
based on RF was proposed again by Edward and Cambridge in 1998 and was 
the initial rationale for trials of B-cell depleting therapy (Figure 11.2) [8]. 
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Once B-cell depletion came to be used clinically, later models emphasized the non-anti- 
body roles of B cells (Figure 11.3) [9]. Although B-cell depletion is known to be effective [10], 
there are unanswered questions regarding the precise contribution of B cells to RA and the 
mechanism of action of B-cell depleting therapy. 

B-cell killing with rituximab 

Rituximab is a monoclonal antibody specific for CD20 that results in B-cell killing. It was 
originally developed to treat B cell malignancies but has since been used in autoimmune 
diseases, most commonly rheumatoid arthritis, systemic lupus erythematosus (SLE), and 
antineutrophil cytoplasmic autoantibody (ANC A) -vasculitis. There are three possible mecha- 
nisms of cell killing for anti-CD20 antibodies: 

• antibody-dependent cell-mediated cytotoxicity (ADCC); 

• complement- dependent cytotoxicity (CDC); and 

• induction of apoptosis. 

However, only indirect evidence suggests which is most important in vivo (Figure 11.4) [11]. 

Efficacy of rituximab in rheumatoid arthritis 

Initial evidence for the efficacy of B-cell depletion in rheumatoid arthritis was case series of 
combination regimes that included cyclophosphamide or methotrexate and high dose oral 
and intravenous corticosteroids. Hence, initial randomized controlled trials (RCTs), such as 
the study conducted by Edwards et al and the DANCER study in RA, were intended to dem- 
onstrate the efficacy of the rituximab (RTX) component of such regimes, the most appropriate 
dose, and the most appropriate combination immunosuppressant required (if any) [11,12]. 
These trials showed that intravenous corticosteroids reduce infusion reactions; additional oral 
corticosteroids confer no additional long-term benefit; and that combination with methotrexate 
is more effective than cyclophosphamide or rituximab monotherapy [11,12]. The REFLEX trial 
confirmed the value of an intravenous corticosteroids-methotrexate-rituximab regime, as well 
as efficacy in radiographic endpoints, and led to a license for rituximab [13]. 

Trials that included semiannual retreatment generally led to stable control of disease 
activity with no apparent worsening of safety [14-16]. However, a comparison of fixed retreat- 
ment and retreatment on demand can only be made indirectly between trials that recruited 
different patient populations, and this must be interpreted carefully [17]. The RCT evidence 
for the efficacy of rituximab in RA is summarized in Table 11.1. 
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B-cell depletion in peripheral blood 

Initial reports seemed to indicate universal, complete B-cell depletion in all patients fol- 
lowed by repopulation after 6 months or longer [10]. Subsequent studies showed that deple- 
tion and repopulation varied between different B cell subsets more than initially believed 
(Figure 11.5) [18]. High numbers of plasmablasts at baseline and day 15 were associated with 
inferior clinical response. 

The presence of plasmablasts in isolation in peripheral blood suggests continuing B cell 
activity in other sites, such as lymphoid tissue (Figure 11.6). However, the exact function of 
these cells has not yet been elucidated. One study suggested they were mucosally derived and 
distinct from the T cell-dependent disease-associated B cell activity thought to contribute to 
RA [19]. However, recent data have indicated that they produce RA-associated autoantibodies 
and their numbers are associated with range of antibodies expressed [13]. Similarly, in SLE, 
plasmablast numbers are associated with range of autoantibodies and their early repopulation 
is strongly predictive of relapse [20]. 

B-cell depletion in the synovium 

The RA synovium is a site of B-cell activity, with lymphoid infiltrates in all patients, and the 
formation of lymphoid aggregates or germinal center-like structures in some. Rituximab is 
able to deplete B cells in the RA synovium efficiently, as shown in Figure 11.7 [21,22]. Reduction 
of plasma cell numbers is less consistent and some data indicate an association of higher 
pre- and post-treatment plasma cell numbers with response, although there is inconsistency 
between studies (Figures 11.8 and 11.9) [21,22]. 

Retreatment with rituximab for nonresponse 

Given the association between increased pre- and post-treatment B lineage cell numbers 
and nonresponse, the use of further cycles of rituximab seems logical in patients who fail to 
respond to the first. Further B-cell depletion may increase killing of resistant B cells or allow 
the attrition of plasma cells that outlive the period of B-cell depletion and studies support 
this strategy (Figure 11.10) [23]. 

Antibody status and response to rituximab 

There is general agreement that in RA response to rituximab is better in patients who are 
positive for autoantibodies (Figures 11.11 and 11.12) [24,25]. Data on titers of antibodies are 
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less clear. These studies found no link between titre of antibodies and response, but some 
have reported higher titres of immunoglobulin M-anticyclic citrullinated protein antibodies 
(IgM-ACPA) in patients who did not achieve European League Against Rheumatism (EULAR) 
good response’ [21]. What has not been shown is a link between reduction in autoantibody 
titer and clinical response. Titers of RF and ACPA reduce after rituximab therapy, but only 
partially, and to a similar degree in clinical responders and non-responders. Autoantibody 
tests, therefore, seem able to identify patients with non-B -cell-mediated inflammatory arthri- 
tis by their negativity at baseline, but other than this have limited value in explaining the 
mechanism of action of therapeutic B-cell depletion. 
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Figure 11.1 B-cell development, activation, and differentiation. The maturation and activation of the B lineage, 
from progenitors in bone marrow to short- and long-lived plasma cells. CD20 is expressed from Pre-B cells to 
memory B cells, but not on plasmablasts or plasma cells. The range of expression of CD20 is ideal as a target for the 
treatment of B-cell malignancies because stem cells and plasma cells are spared from depletion. In the treatment of 
autoimmune disease, the benefits of this range of expression are somewhat less clear because plasma cells and their 
antibodies may have a role in causing inflammation. Furthermore, experience has shown that relapse almost always 
occurs following a response to rituximab in autoimmune disease, so repeat cycles of treatment are used, resulting in 
long-term B-cell depletion. Rapid repopulation may, therefore, be undesirable in long-term maintenance of response, 
and repeat cycles may lead to greater attrition of plasma cells than a single cycle of therapy. Ig, immunoglobulin. 
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Figure 1 1.2 The Edwards and Cambridge RF-based hypothesis of rheumatoid arthritis. In this model, immu- 
noglobulin G-rheumatoid factor (IgG RF) forms self- associating small immune complexes that are able to evade 
clearance by complement in the circulation but may trigger inflammation in the synovium via Fey receptors. The 
pathology of the disease appears to match the distribution of the Fey receptor Ilia (FcyRIIIa). RF-secreting B cells 
are able to proliferate without the help of a similarly autoreactive T cell by presenting RF-bound foreign antigen 
to nonautoreactive T cells. Hence, this model proposed a reason for the break in immune tolerance, as well as a 
mechanism for RF to lead to inflammation. CR2, complement receptor 2; DAF, decay- accelerating factor; TGF a/(3, 
transforming growth factor alpha/beta; TNF-a, tumor necrosis factor alpha; VCAM, vascular cell adhesion protein. 
Reproduced with permission from Edwards and Cambridge [8] ©Oxford University Press. 
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Figure 11.3 Later models emphasize the nonantibody roles of B cells. B cells are highly efficient as antigen- 
presenting cells and in some contexts may have a unique role in activating T cells that cannot be substituted by 
other types of antigen presenting cell. They may also secrete inflammatory cytokines. Initial experience with 
rituximab did not find that clearance of rheumatoid factor (RF) was usually achieved, nor was this necessary for 
clinical response. Later evidence had demonstrated the importance of another class of antibodies (anticitrullinated 
peptide antibodies), which are linked to the genetic major histocompatibility complex (MHC) association of 
rheumatoid arthritis. IFN, interferon; IL, interleukin; TLR, toll-like receptor. Reproduced with permission from 
Mauri and Ehrenstein [9] ©BioMed Central. 
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Figure 1 1 .4 Mechanisms of B-cell killing. Antibody-dependent cell mediated cytotoxicity (ADCC) is believed to be 
the most important mechanism. ADCC mediated by Fey receptor (Fey R) -bearing effector cells (natural killer [NK] 
cells or monocytes/macrophages) has been demonstrated in animal models and in patients treated with rituximab. 
FcyRIIIa polymorphisms have been associated with increased rituximab binding by NK cells and monocytes and 
increased killing by ADCC. Such polymorphisms have been shown to influence B-cell killing and overall survival 
after rituximab treatment of patients with Non-Hodgkin’s lymphoma [ 1] . A study of 12 patients with systemic lupus 
erythematosus (SLE) suggested that the degree of B-cell depletion by rituximab in SLE was also associated with 
FcyRIIIa genotype [2]. Several lines of evidence support a role for complement-dependent cytotoxicity (CDC) as 
a mechanism of action of rituximab. The susceptibility of various B-cell malignancies to CDC in vitro is consistent 
with the resistance of each malignancy to rituximab in vivo. Clq deficient mice exhibit impaired B-cell killing [3] . 
Complement consumption has been observed in patients with B-NHL during treatment with rituximab [4]. The 
efficiency of CDC may depend on the proximity of the monoclonal antibody target epitope to the cell surface, as is 
the case for anti-CD52 [5] . Differential migration of antibody-bound CD20 into lipid rafts may influence the degree 
of CDC. On this basis, anti-CD20 antibodies have been classified into two types, based upon their relative abilities 
to induce translocation of antibody-bound CD20 into insoluble lipid rafts: type 1 antibodies induce translocation 
and are potent inducers of complement, whereas type 2 antibodies do not induce translocation. Both type 1 and 
type 2 antibodies can trigger ADCC, but type 2 antibodies may induce apoptosis more efficiently. Rituximab is clas- 
sified as a type 1 antibody. Anti-CD20 antibodies may induce apoptosis directly in vitro. When patients with B-cell 
chronic lymphocytic leukemia (B-CLL) were treated with rituximab, the degree of B-cell killing correlated with 
expression of caspase-3 and caspase-9, both of which are enzymes involved in the process of apoptosis. However, 
there is less evidence to support this mechanism. Reproduced with permission from Hochberg et al [6] ©Elsevier. 
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Figure 1 1.5 Dose intervals of rituximab (RTX) and methotrexate (MTX). Evidence on dose of rituximab and re- 
treatment interval is complex. Clinical response rates were numerically better at the 2x1000 mg dose in the DANCER 
study [12] compared to a 2x500 mg dose, and EULAR response rates were significantly better in MIRROR [14] - both 
in established rheumatoid arthritis (RA) that is resistant to methotrexate and usually also tumor necrosis factor 
(TNF)-blocking therapies. The SERENE [15] andIMAGE [16] trials in earlier RA populations did not demonstrate 
any difference in clinical outcomes between doses in earlier RA populations, although there was a difference in 
radiographic outcomes. Collectively, these trials indicate that a 2x500 mg dose of rituximab is effective, but there 
are some advantages to a 2x1000 mg dose, especially in the first cycle of treatment. DAS, disease activity score; 
ESR, erythrocyte sedimentation rate; EULAR, European League Against Rheumatism; LDA, low disease activity. 
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Study 

Population 

Randomization 

Endpoints 

Edwards 
et al. 

MTX-IR 

RF-positive 

1: MTX (n=40) 

2: RTX1000 mg (n=40) 

3: RTX1000 + CyP (n=41) 

4: RTX1000 + MTX (n=40) 

All groups had PO-CS and IV-CS 

1: ACR50 week 24 

2: DAS28, EULAR and ACR 
responses at 24 and 48 weeks 

DANCER 

MTX-IR or TNF- 

IR 

RF/CCP positive 
or negative 

1: Placebo 

2: Placebo + IV-CS 

3: Placebo + IV-CS + PO-CS 

4: RTX500 mg 

5: RTX500 + IV-CS 

6: RTX500 + IV-CS + PO-CS 

7: RTX1000 

8: RTX1000 + IV-CS 

9: RTX1000 + IV-CS + PO-CS 

All groups had MTX 

Total n=465 

Retreatment on relapse 

1 : ACR20 week 24 

2: DAS28, EULAR and ACR 
responses week 24, HAQ, 
FACIT-F, safety, Ig, HACA 

REFLEX 

TNF-IR 

RF/CCP positive 
or negative 

1: Placebo + MTX (n=209) 

2: RTX1000 + MTX (n=31 1) 

All groups had PO-CS and IV-CS 

Retreatment on relapse 

1 : ACR20 week 24 

2: DAS28, EULAR and ACR 
responses week 24 

Other: HAQ, FACIT-F, 
radiographic, safety 

SERENE 

MTX-IR 

RF/CCP positive 
or negative 

1: Placebo + MTX 

2: RTX500 + MTX 

3: RTX1000 + MTX 

Retreatment from week 24 unless in 

remission 

1 : ACR20 week 24 

2: DAS28, EULAR and ACR 
responses, HAQ, SF36, 

FACIT-F 

MIRROR 

MTX-IR or TNF- 

IR 

RF/CCP positive 
or negative 

1: RTX500 thenRTX500 

2: RTX500 then RTX1000 

3: RTX1000 then RTX1000 

Treatment at 0 and 24 weeks in 
all patients 

All patients received MTX 

1 : ACR20 week 48 

2: DAS28, EULAR and ACR 
responses, HAQ, SF36, 

FACIT-F 

IMAGE 

MTX- naive 

RF negative 
patients needed 
erosions to enroll 

1: Placebo + MTX 

2: RTX500 + MTX 

3: RTX1000 + MTX 

Retreatment from week 24 
unless in remission 

1: change mTSS week 52 

Other Major Clinical 

Response (maintenance of 
ACR70 >6 months). DAS28, 
EULAR and ACR responses, 


HAQ, SF36, FACIT-F 

Table 11.1 Summary of rituximab randomized controlled trials. These trials have clearly established that a 
regime based on rituximab and methotrexate is more effective than methotrexate alone, and that additional 
oral corticosteroids or intravenous cyclophosphamide are not required. However, the evidence regarding the 
best dose and retreatment interval is less clear from these studies, and indeed may differ at different times or in 
different patient groups. ACR50, American College of Rheumatology 50% improvement; AE, adverse event; CCP, 
cyclic citrullinated protein; CS, corticosteroid; CyP, cyclophosphamide; DAS28, disease activity score in 28 joints; 


240 Rituxii 




Key findings Ref 

All RTX arms superior to MTX at 6 months. [11] 

Only arms 3 and 4 significantly superior at 12 months 
B cells depleted in all RTX groups for 24 weeks 
RF reduced; total Igs remained stable 

All RTX arms superior to placebo [12] 

Time to best response 12-24 weeks 

Numerically higher ACR70 and EULAR-Good in RTX1000 groups vs. RTX500. 

CS did not influence efficacy endpoints 

IV-CS reduce infusion reactions, no added benefit with PO-CS 

HACA rate: placebo=0.7%, RTX500=4.2%, RTX1000=2.7%, but no clinical sequelae 


RTX superior to placebo: ACR20 = 51% vs. 18% [13] 

Trend to less progression in total Genant-modied Sharp score 

Significantly less progression in joint space narrowing score 

Non-serious AEs other than infusion reactions balanced 

Serious infections: placebo=3.7, RTX=5. 2/100 pt-years 

Confirmed similar level of efficacy at week 24 to REFLEX study [15] 

Further improvement in response rates following retreatment 
No difference between rituximab doses 
Better responses if RF or CCP positive at baseline 

Numerically higher ACR response at 48 weeks in arm 3 vs. other two arms [14] 

Statistically better EULAR response at 48 weeks in arm 3 

46% of ACR20 non-responders at 24 weeks responded at 48 weeks (arm 3) 

Fewer patients had worse response at 48 weeks in arm 3 


RTX + MTX superior to MTX alone in MTX-naive RA [ 1 6] 

ACR and EULAR responses not affected by RTX dose 
mTSS progression only significantly better with RTX1000 


EULAR, European League Against Rheumatism; FACIT-F, functional assessment of chronic illness therapy-fa- 
tigue; HACA, human antichimeric antibody; HAQ, health assessment questionnaire; Ig, immunoglobulin; IV-CS, 
intravenous corticosteroid; mTSS, medial tibial stress syndrome; MTX, methotrexate; MTX-IR, methotrexate 
inadequate response; PO-CS, oral corticosteroid; pt, patient; RF, rheumatoid factor; RTX, rituximab; SF36, Short 
Form (36) survey; TNF-IR, tumor necrosis factor inadequate response. 


Atlas of Rheumatoid Arthritis 241 





Q_ 


1 T 


nrrm — pirrn — p-t? it f y J t i t 


ni 


M 


r* 


7 it. 






V-OdViCOO 


< 

i 

O 

Lit 

a. 

CO 

<n 

Q 

O 






o fw. 


i 

UJ 

o ll 

o 

— 00 
rr» 

Q 

O 


*=. * 

5 

UJ 

1 0. 

o 

■= CD 

n 

O 

O 


= c 




rr 


f i j mi in 1 1 


03 “ 

OF 

i tm i i ||| i i 


2 


1 


to 

+-> 

cl 

<L> 

3 

X 


XI 

W 


X 

‘C 

<u 


•s 


XI 

3 

-m 

‘C 

Sh 

4> 

<e 

3 


Sh 

4> 

Oh 


I X 

<N V 

Q £ 

U H 

+ o> 


2 ON X) 


<L> 

£ 

*CO 

3 .. 

a> p 


Q 

U 


.>; 

‘TO 

3 


u 

X 

<u 


W3 X 


a> 

a 

o 

>>* 

u 

£ 

o 

<s 

X) 

-3 

a> 

S-H 

3 

co 

3 

<U 


CO 

3 

-i 


$H 

5-1 

a> 

-3 

O 

o 


TO 

X 2 

<U H 

X M 

X TO 

C/S X 

co X 

TO > 

3 

a> <u 

S-H 


<v 


Oh 

S-H 

3 

Oh 


3 

£ 

O 


co 

3 

u 
<u 
ScD 
TO 
<L> 

.a 33 

3 CO 

« + 

CO + 

S3 oo 

CL> <T3 
O 
TO 


3 « 

$h ° 

22 qq 


Q 
U 

co y 

U ^ 

>? n 

u 
3 I 

<U ^ 

Oh + 
co OV 

<U i“H 

Q 
U 


CO 


CO 

TO 


Oh 

3 


co oJ 
OJ 2 


CO 

TO 


<L> 

u 


TO 

x 

<L> 

+-> 

3 

o> 

S-H 

& 

X 

I 

-TO 

I 

X 

_0J 

3 

to 

> 

3 

O 

3 

"3 

Oh 

o 

Oh 

<L> 

S-h 


co 

+-* 

<L> 

CO 

X 

3 

on 

a> 

CO 

3 

O 

Oh 

CO 

<u 

S-H 

13 

u 


u 

u, 

.2 

C 

& 5 

.2 > 


•3 00 

^ I— I 

jy aJ 


3 

# o 

+H 

a > 

Oh 

<u 

33 

’33 

u 


pi Oh 

3 

^ s 


2 

‘u 

o 


<D 

13 


o <u 

3 M 

O ^O 


C4> 

TO > 

<v 

5-1 


o 

<L> 


CQ qj 
"T3 


<L> 


3 

O 

35 


TO co 

b « 

3 | 

8 oo 

TO g 
a> (—1 

.2 U 

£ + 

.3 

t o Q 

i u 

<u -3 + 

g 3 ON 
g a> i 
3 3 n 

>- .sp n 

u 1 ^ 

I ^ 


LO 

H 

"3 

T3 

3 

TO 

a> 

_3 

13 

CO 

TO 

3 

TO 


O 
. Vh 

C-t-H 

3 

_o 

"co 

CO 


^H 

<L> 

Oh 


CO 

TO 


33 

-3 

O 

0 

3 

3 

5h 

a> 

X 

Oh 


O 

U 

o 


Vh 

o 

a 

QJ 

a 


o 

Vh 

Oh ^ , 
TO "pH 


TO 
<L> 
U 

3 
XI 
O 

Vh 

Oh 
o a> 
TO & 

a oj 

co ^ 

3 § 

Oh X 

ch-h TO 

3 

O 
X 

CO 


CO 

S-H 

0> 

3 


0> 

0> 

S-H 

to 


X 
<u 

CO 

3 
3 

OJ 
OJ 

VO 

_ TO 

X 

aj i 

uh op oo 
" 3 ro 

Q 


3 

O 

X 

CO 


S-H 

3 

U) 

• i-H 

Oh ojd 


jj 


0> 
S-H 

TO 

X g 

^ a 

<D 

4- » 

TO 
Oh 
3 
.2 
TO 

3 

Oh 
O 
Oh 
<L> 

5- H 


3 

3 


ffi 

CO 

<L> 

U 

o 

3 

O 


X 

3 

TO 


242 Rituxii 


Pre-treatment 


Post-treatment 


CD19 . CD20cy 



CD19 CD20cy 


Figure 1 1.7 Effect of rituximab in the synovium in rheumatoid arthritis. Rituximab is able to clear B cells from 
the synovium but this does not determine degree of clinical response. 



Figure 11.8 Baseline synovial immunohistochemistry and clinical response. Higher scores for a number of 
immunohistochemical (IHC) markers were associated with failure to achieve a EULAR- designated good response. 
This was most marked for CD79a+ cells. *P<0. 05; #P<0.10. ns, not significant. Reproduced with permission from 
Teng et al [21] ©Wiley. 
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a Baseline plasma cells b Change in plasma cells after rituximab 

treatment (week 4- 16) 




Figure 11.9 Change in synovial plasma cell numbers and clinical response. Early reduction in synovial im- 
munohistochemistry cell counts was not associated with clinical response, but in EULAR responders there was 
a greater late reduction in synovial CD 138+ plasma cells after rituximab treatment. **P<0.01. Reproduced with 
permission from Thurlings et al [22] ©BM). 
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Figure 11.10 Retreating rituximab nonresponse. Clinical responses 6 months after the second cycle of rituximab 
(n=25) with rheumatoid arthritis that did not respond to the first cycle, (a) EULAR response rates, (b) DAS28 using 
the C-reactive protein level (DAS28-CRP) measured at baseline, 6 months after cycle 1 (Cl), and 6 months after 
cycle 2 (C2). Given the association between increased baseline numbers of B lineage (BL) subsets in non-responders 
and the persistence of plasmablasts in blood and plasma cells in the synovium, further cycles of rituximab seems 
logical in patients who fail to respond to a first. 100% had EULAR nonresponse 6 months after a first cycle and were 
retreated (2x1000 mg); 72% then had a EULAR response; some achieved a EULAR ‘good’ response or remission. 
Retreatment with rituximab maybe an effective strategy for patients with initial nonresponse, rather than switching 
to another biologic. Reproduced with permission from Vital et al [23] ©Wiley. 
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Figure 11.11 B-cell activation markers and response to rituximab. Frequency of EULAR response according 
to the presence of autoantibodies and an immunoglobulin (Ig) G concentration above the upper limit of normal 
(ULN) (12.66 g/L). Results are presented as odds ratios (ORs) and 95% confidence intervals for patients having 
autoantibodies and/or an IgG concentration >ULN compared with patients having no autoantibodies and an IgG 
concentration <ULN. The data shown above indicate that any one of many markers of serological activity (RF, anti- 
CCP, or high IgG) at baseline indicate disease that is potentially responsive to rituximab (RTX) therapy, and that 
there is synergism between these indicators. Anti-CCP, anti-cyclic citrullinated proteins; IgG, immunoglobulin G; 
MTX, methotrexate; RF, rheumatoid factor. Reproduced with permission from Sellam et al [24] ©Wiley. 
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Figure 11.12 Meta-analysis of antibody status and response to rituximab in randomized controlled trials. 

Meta- analysis of randomized controlled trials comparing difference in change in DAS28 between seropositive and 
seronegative patients. The overall outcome indicated better responses in seropositive patients, although results were 
mixed between trials. This probably relates to other differences between populations recruited (for example, the 
difference was greater in anti-TNF-IR patients). ACAP, anti-citrullinated protein antibody; cDAS change in daily 
activity score; RF, rheumatoid factor. Reproduced with permission from Isaacs et al [25] ©BMJ. 
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Safety of repeat cycles 

Data from follow up of patients in randomized controlled trials of rituximab in RA are shown 
in Figure 11.13 [19,26]. Overall infection and serious infection rates appeared to be stable. 


14.0 -i 



n=2579 n=1926 n=1228 n=794 n=282 
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Cycle of rituximab 

Figure 11.13 Safety of rituximab in rheumatoid arthritis. Data from follow up of patients in randomized con- 
trolled trials of rituximab (RTX) in rheumatoid arthritis (RA). Serious infection rate per 100 patient-years and 
95% confidence interval are shown. However, there are two important considerations to these data. First, in such 
long-term follow-up studies, patients may withdraw from treatment due to an adverse event, and so extension data 
may underestimate adverse event rates. Second, this analysis does not demonstrate infection rates in important 
subgroups. In an analysis from the French Autoimmunity and Rituximab registry, multivariate analysis showed 
that chronic lung disease and/or cardiac insufficiency (odd ratio [OR]=3.0, 95% Cl, 1.3-7. 3; P<0.01), RA-related 
extra- articular involvement (OR=2.9, 95% Cl, 1.3-6. 7; P=0.009), and a low immunoglobulin G level (<6 g/L) before 
RTX treatment (OR= 4.9, 95% Cl, 1.6-15.2; P<0.005) were significantly associated with an increased risk of severe 
infection after RTX infusions. Reproduced with permission from VanVollenhoven et al [26] ©BMJ. 
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Novel therapies in rheumatoid 
arthritis: small molecules 


Josef S. Smolen 


Introduction 

Whether one looks at joint swelling, joint tenderness and stiffness, joint 
destruction and deformity, fatigue, or laboratory abnormalities such as 
elevated acute phase reactant levels or anemia of chronic disease, the signs 
and symptoms of rheumatoid arthritis (R A) are a consequence of the severe 
inflammation that governs this disease. Inflammation results from a cascade 
of events that include many characteristics common to all chronic inflam- 
matory diseases as well as features which are typical (though not necessarily 
pathognomonic) for a particular disorder, such as RA, that are involved 
in the process. The inflammatory response of RA comprises an interplay 
between a variety of cell populations, such as various T-lymphocyte subsets, 
B cells, neutrophils, macrophages, dendritic cells, fibroblasts, osteoclasts, 
chondrocytes, as well as soluble molecules, which include autoantibod- 
ies and various cytokines. Complex steps of interactions, activations, and 
amplifications of these cells and molecules are critical for the arthritic 
process typical of RA to be built-up and sustained (Figures 12.1-12.3) [1-3]. 

Cells and cytokines as therapeutic targets 

While the cause of RA remains enigmatic and the genetic associations 
are in line with the involvement of both innate and adaptive immune 
responses [4], the understanding of pathogenetic events associated with 
RA has significantly increased over the past two decades, leading to targeted 
therapies that interfere with the inflammatory and destructive response. 
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These therapies comprise biologic agents, monoclonal antibodies, and receptor constructs, 
which target specific mediators of inflammation, such as tumor necrosis factor alpha (TNF- 
a), interleukin (IL)-6 or its receptor, IL-1, B cells (via depletion of CD20 positive cells), and 
T-cell co-stimulation via inhibition of the CD80/86-CD28 interaction [2]. These therapies 
are addressed in Chapter 10. 

Interestingly, with the exception of a lower responsiveness upon IL-1 inhibition, all of 
these targeted biologic agents elicit similar clinical, structural, and functional effects in similar 
patient populations [2,5]. Moreover, the combination of biologic agents directed against dif- 
ferent targets (such as inhibition of TNF and IL-1; T-cell co-stimulation and TNF; or TNF 
and B-cell depletion), does not convey added efficacy, but increased infection rates. This 
reveals that the extended inhibition of physiological pathways compromises safety, but cannot 
render better antiarthritic effects, suggesting a bottleneck of a common final pathway in the 
pathogenesis of RA [5]. 

On the other hand, with increasing drug experience, patients with RA become less respon- 
sive to new therapies, implying that mechanisms beyond those currently targeted may have 
to be considered [2,5]. At present, however, approximately 40% of patients seen in clinical 
practice in industrialized countries (and more in less affluent regions) continue to have sig- 
nificantly active disease despite receiving treatment and, consequently, new therapies need to 
be developed [6]. These new therapies can involve further cytokines (as discussed in Chapter 
10) or may focus on intracellular events. 

Signal transduction 

Most of the therapeutic targets mentioned above constitute cytokines (eg, TNF, IL-6, IL-1) or 
cell surface molecules such as CD80/86, to which cytotoxic T-lymphocyte antigen 4 (CTLA4)- 
immunoglobulin (Ig; abatacept), a fusion protein that exerts immunomodulating effects, 
binds. Most of these molecules serve as ligands for specific receptors. The interaction of a cell 
surface receptor with its ligand is only the first step toward cell activation. In order to allow 
for gene activation, a series of events are needed that transduce this initial signal downstream 
into the nucleus and hence are called signal transduction events. These mechanisms start 
with the induction of an intracellular enzymatic activity which directly, or via induction of 
additional enzymes (Figure 12.3), ultimately lead to activation of transcription factors that 
only then can translocate to the nucleus and activate the transcription of specific genes. The 


250 Novel therapies in rheumatoid arthritis: small molecules 



enzymes involved are mostly phosphotransferases which phosphorylate proteins (kinases), 
or phosphatases which remove phosphates from proteins. Importantly, one receptor-ligand 
pair can activate several different (though sometimes interconnected) signal transduction 
pathways such as TNF activating the mitogen-activated protein kinase (MAPK) and nuclear 
factor kappa-light-chain-enhancer of activated B cells (NFkB) pathway, whilst a particular 
pathway (eg, MAPK or NFkB) can be induced by a variety of receptors (Figure 12.4). 

Regarding the initial steps of intracellular enzyme activation, some receptors have intrinsic 
enzymatic activity, such as receptor tyrosine kinases. These enzymes are part of the intracel- 
lular domain of the receptor and become activated once the ligand attaches to the extracellular 
binding site, upon which the receptors become phosphorylated. Further signal transduction 
proteins can then bind and become the next set of activated enzymes in the overall cascade. 
Other receptors do not have intrinsic enzyme activity, but their intracellular domain changes 
upon attachment of their ligand to allow binding of intracellular enzymes, which then phos- 
phorylate the receptor, whereupon other proteins can dock and become activated enzymes to 
further transduce the signal. Tyrosine kinases of this sort are known as nonreceptor tyrosine 
kinases (eg, Janus kinases [JAKs]). 

Janus kinases 

The pathogenesis of RA appears to involve activated T cells and proinflammatory cytokines, 
including IL-6. Interestingly, various lymphokines, such as IL-2, employ receptors that use 
JAKs for their signal transduction; IL-6 and interferons also activate JAKs. These kinases 
have been named after the double-faced Roman god Janus because JAKs have two highly 
similar domains. The JAK family has four members: JAK1, JAK2, JAK3 and tyrosine kinase 
2 (TYK2), which, once the receptor has undergone a conformational change after binding 
of the respective ligand, dock to each of the receptor chains, now in sufficient proximity to 
phosphorylate each other and the intracellular part of the receptor. Thus, at least 2 JAKs bind 
to each cytokine receptor; each of them can activate specific signal transducer and activator 
of transcription proteins (STATs) (Figure 12.5). There are a total of 7 STATs (STAT 1, 2, 3, 4, 
5a, 5b, and 6). After their phosphorylation, STATs form homo- or heterodimers, translocate to 
the nucleus and bind to specific sites on the DNA to initiate transcription of pertinent genes. 
Figure 12.6 depicts the cytokines that activate the JAK-STAT pathway, revealing which JAKs 
are induced by which cytokines and which STATs are subsequently activated. The central 
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importance of JAKs is indicated by the observation that JAK 3 deficiency is associated with 
severe combined immunodeficiency [7,8]. 

Spleen and Bruton's tyrosine kinase 

Another kinase that exhibits pivotal importance in the context of the innate and adaptive 
immune response is spleen tyrosine kinase (Syk). This kinase is involved in signal transduc- 
tion for such important receptors such as the B-cell receptor, immunoglobulin Fc gamma 
receptors (FcRy) via immunoreceptor tyrosine-based activation (ITAM) motifs [9], and even 
osteoclastogenesis, where ITAM motifs are also involved [10]. Indeed, osteoclast-associated 
receptor associates with a FcRy adaptor molecule in the course of osteoclast activation [11]. 
Thus, Syk is involved in B-cell activation (as needed for autoantibody production), FcR medi- 
ated effects (as needed for cell activation via immune complexes), and bony damage (for which 
osteoclast activation is mandatory). 

Another kinase pivotally involved in cells of the immune system is Bruton's tyrosine kinase 
(Btk) which is linked to the B-cell receptor and also affects macrophage function [12,13]. 
Targeting this kinase may constitute another potential future path to clinical success in RA. 

Inhibiting intracellular signaling pathways 

Inhibition of the intracellular signaling pathways has elicited significant interest in various 
areas, including inflammation. The first tyrosine kinase inhibitor approved for use in RA 
was imatinib, which blocks Abelson tyrosine kinase, which is related to the development 
of chronic myelogeneous leukemia [14]. Because MAPKs are activated by proinflammatory 
cytokines such as TNF and IL-1 and involved in chronic inflammatory responses, there was 
hope that their inhibition could be beneficial in various inflammatory diseases, such as RA. 
Hitherto, however, there is no evidence of a significant efficacy of such inhibitors, particularly 
p38-MAPK blockers, although serious infection rates were found increased when compared 
with controls [15,16]. 

NFkB is likewise activated by several proinflammatory cytokines via an enzymatic 
cascade. While blocking this factor has been effective in experimental models [17], clinical 
trials have not gone forward, presumably because of the potential toxicity of interfering with 
this pivotal pathway [18]. Importantly, because these compounds target intracellular mole- 
cules, they are usually taken orally, absorbed, and can enter cells to interfere with their targets. 
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Inhibition of spleen tyrosine kinase 
Fostamatinib 

The first Syk-inhibitor studied in patients with RA was fostamatinib. In a Phase II study, 
Weinblatt et al investigated fostamatinib at 100 mg twice-daily or 150 mg daily compared 
with placebo in patients who had active RA disease despite methotrexate (MTX) therapy 
[19]. At the higher dose, the American College of Rheumatology (ACR) 20/50/70 
responses, which measure improvement in tender and swollen joint counts, amounted 
to 67%, 43%, and 28%, respectively, and were significantly higher than the respective 
placebo response rates (Figure 12.7) [19]. Adverse events included diarrhea, infections, 
neutropenia, and hypertension. In another Phase II trial, Genovese et al investigated 
fostamatinib in patients who had previously received TNF-inhibitors and found no 
difference between active treatment and placebo [20]. Although, a post-hoc analysis 
of patients who had elevated C-reactive protein levels at baseline revealed significant 
differences between the groups [20]. Importantly in this respect, results of Phase III trials 
were disappointing, both in terms of insufficient efficacy and adverse events, and this led 
to discontinuation of the fostamatinib program. 

It remains to be seen if other Syk-inhibitors have a different profile. While fostamatinib 
was not a highly selective Syk-inhibitor, as it appears to interfere with other kinases such as 
Lck, JAK1, and JAK3 [21], the blockade of this important signaling pathway appears to be 
efficacious in RA. Studies of more selective Syk inhibitors are currently underway [22]. 

Inhibition of Janus kinases 

Given their activation by so many cytokines, and inhibition proving to be highly efficacious 
in RA (eg, IL-6) [2], targeting JAKs with specific inhibitors (Jakinibs) is of particular interest. 

Tofacitinib 

The first JAK-inhibitor approved in the US and many other countries was tofacitinib. 
Tofacitinib underwent several Phase III trials which involved various populations of patients 
with RA: established RA with active disease despite MTX or disease-modifying antirheu- 
matic drug (DM ARD) therapy, where it was studied as monotherapy or in combination with 
MTX or DMARDs [23,24]; in patients with established RA with active disease despite prior 
TNF-inhibitor therapy [25]; and in patients with early RA who were methotrexate-na'ive [26]. 
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The clinical results correspond quite well to those observed with biologic agents. In 
established RA with active disease despite MTX or disease-modifying antirheumatic drugs 
(DMARDs), ACR 20 response rates at the licensed 5 mg twice-daily dose were approximately 
52%; ACR 50 responses 32-37%; and ACR 70 response rates 15-20% at 6 months [23,27]. In 
patients who had previously used TNF-inhibitors, these response rates were slightly lower 
at approximately 42%, 27%, and 14%, respectively, at 3 months [25]. As monotherapy in 
DMARD-IR patients, responses were approximately 60%, 31%, and 15%, respectively, and 
thus similar to combination therapy [24]. The ACR 50 responses of these respective trials are 
shown in Figure 12.8. 

The Disease Activity Score in 28 joints (DAS28) and the Simplifed Disease Activity Index 
improved to a larger extent [28]. Functional improvement was also similar to that seen in trials 
of biologic agents, with reductions in Health Assessment Questionnaire Disability Index in 
the order of 0.4-0. 6 [23-27]. With a 10 mg dose of tofacitinib twice daily, progression of joint 
damage was halted significantly in patients with long-standing disease, while with a 5 mg 
twice-daily dose, there was a numerical and clinically convincing (albeit statistically not 
significant) difference in damage progression when compared with placebo (Figure 12.8) [27]. 
However, in a study in early MTX-naive patients with RA, a significant inhibition of damage 
progression was also seen at the 5 mg twice-daily dose [29]. In that trial, ACR 70 response 
rates amounted to approximately 25% at 5 mg twice daily, a higher level of response than in 
established RA and what is usually seen for other compounds [29]. 

The adverse event profile of tofacitinib is generally in line with expectations according to 
its pharmacological profile of inhibition of several cytokine signal transduction pathways. 
Infectious complications include herpes zoster (about 4.3 per 100 patient-years), tuberculosis, 
and cytopenias (lymphopenia <500/mm 3 occurs rarely but maybe associated with infectious 
episodes). Small increases in creatinine, lipid and liver enzymes occur in some patients; these 
effects appear to be dose dependent [20-24]. Malignancies did not appear to be observed at 
higher than the population rates. Increases in hemoglobin are not seen to the same extent as 
with IL-6 or TNF-inhibition and up to 5% of patients experienced dose-dependent decreases 
in hemoglobin, suggesting that JAK2 (used by erythropoetin for its signaling) may also be 
inhibited [8]. Overall, more safety information will have to be collected and analyzed in the 
post- approval period from ongoing studies and registries. 
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Baricitinib 

Another JAK inhibitor currently being studied is baricitinib, which is in Phase III trials. 
Baricitnib is a JAK1/2 inhibitor and, as can be judged from the currently available data, bar- 
icitinib appears to have a similar efficacy and safety profile as tofacitinib [30]. 

GLPG0634 

GLPG0634 is a selective JAK1 inhibitor which has been assessed in a small early Phase II 
trial which apparently showed efficacy and overall good safety data [31]. However, more 
information is needed. 

Conclusion 

The availability of kinase inhibitors for the treatment of RA is a postive advancement for the 
management of RA. These drugs target molecules and mechanisms involved in the chronic 
inflammatory and destructive process of RA, namely intracellular signal transduction path- 
ways. They also specifically target particular molecules, although accuracy when distinguish- 
ing between enzymes may have to be further improved. These agents are oral drugs which 
makes their application easy. Importantly, they are essentially as effective as biological agents, 
although their safety profile has not yet been fully established, as this requires the accrual of 
information from registries and postmarketing surveillance over several years. To what extent 
these drugs will change current treatment beyond the use of biological agents will also have 
to be part of a learning process; like all novel agents, they will be assessed thoroughly by the 
rheumatologists before and after their introduction into the market. 
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Figure 12.1 Schematic representation of a normal joint and joint with rheumatoid arthritis. The picture shows 
the thin lining layer and synovial membrane in a normal joint compared with the widened synovial membrane 
with hyperplasia of the lining layer in rheumatoid arthritis (RA; right half). Many cell populations enter the syn- 
ovium through activated vasculature (endothelial cells) and contribute to the inflammatory process. B cells, T cells, 
monocytes/macrophages, and dendritic cells are all part of the process, as are mast cells and synovial fibroblasts. The 
hyperplastic synovial membrane can invade bone subchondrally and also lead to cartilage destruction. Reproduced 
with permission from Smolen and Steiner [1] ©Nature. 
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Figure 12.2 Schematic presentation of various cells and molecules and their involvement in rheumatoid arthri- 
tis. It is assumed that an unknown antigen is presented by dendritic cells to T-lymphocytes which become activated 
and express a Thl or Thl7 phenotype. Subsequently, T cells provide help to B cells which mature into plasma cells 
that secrete autoantibodies such as rheumatoid factor and ACPA; these can form immune complexes and activate 
complement, and all this leads to activation of macrophages via Fc and complement receptors. Macrophages are 
also activated by Thl /Thl 7 cells via various lymphokines, as are synovial fibroblasts. The latter two populations are 
the main producers of proinflammatory cytokines, which in turn, amplify activatation of osteoclasts which destroy 
bone, and of chondrocytes which damage cartilage. APC, antigen-presenting cells; AUTOAB, autoantibody; CD, 
cluster of differentiation; FcR, Fc receptor; IC, immune complexes; IL, interleukin; IFN, interferon; MHC, major 
histocompatibility complex; MMP, matrix metalloproteinases; RANK, receptor activator of nuclear factor kappa-B; 
RANKL, receptor activator of nuclear factor kappa-B ligand; RF, rheumatoid factor; TCR, T cell receptor; Thl, T 
helper type I cells; TLR, toll-like receptor. Adapted with permission from Smolen and Steiner [1] ©Nature. 
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Figure 12. 3A Schematic general presentation of signal transduction events from ligation to the receptor 
("receptor binding") via activation of a cascade of enzymes and phosphorylation of transcription factors 
("signal transduction") and subsequent gene activation. Reproduced with permission from Murphy et al [3] 
©Garland Science. 
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Figure 12. 3B Schematic presentation of signal transduction events related to two proinflammatory cytokines, 
IL-1, and TNF. Generally, one cytokine can activate more than one pathway and different cytokines can activate 
the same pathway - for example, tumor necrosis factor (TNF) and interleukin (IL)-l. Binding of IL-1 to its receptor 
will lead to activation of the nuclear factor kappa-light-chain-enhancer of activated B cells (NFkB) pathway and 
this will also be the case upon binding of TNF to its receptor; TNF binds as a trimer. In addition, both cytokines 
will activate the mitogen- activated protein kinase pathway. Both of these pathways will lead to phosphorylation 
and nuclear translocation of respective transcription factors which will activate specific genes; in the case of IL-1 
and TNF, these will primarily be genes involved in the overall inflammatory response. Reproduced with permission 
from Smolen and Steiner [1] ©Nature. 
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Figure 12.4 Syk kinase induced by Fc receptor gamma also activates NFkB and mitogen-activated protein 
kinase pathway. CARD9, caspase recruitment domain- containing protein 9; MAPK, mitogen-activated protein 
kinases; NFkB, nuclear factor kappa-light-chain-enhancer of activated B cells. Reproduced with permission from 
Smolen and Steiner [1] ©Nature. 
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Figure 12.5 Ligands and receptors that use Janus kinases (Jaks). JAKs act as dimers and those activated by specific 
cytokines/receptors are depicted in the lower half. Note that the same Jak can be used by different receptors, but the 
pairs usually differ; the pairs can either be heterodimers or homodimers (see erythropoietin [Epo] ) . IFN, interferon; 
IL, interleukin; Tyk2, tyrosine kinase 2 deficiency. Adapted with permission from O’Shea and Plenge [8] ©Elsevier. 
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Figure 12.6 Presentation of Janus kinases (Jaks) and respective specific signal transducer and activator of 
transcription proteins (STATs) used for signal transduction by various cytokines. The STAT molecules that are 
phosphorylated by the different JAKs are depicted. 
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Figure 12.7 Results of spleen tyrosine kinase (Syk) inhibition with fostamatinib. ACR20, 50, and 70 response rates 
for placebo and two doses of fostamatinib are shown. *P<0.01; t P<0.001. ACR, American College of Rheumatology; 
ACR 20/50/70, American College of Rheumatology 20%; 50%, and 70% improvement criteria; MTX, methotrexate; 
QD, once daily. Data from Weinblatt et al [19] . 
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Figure 12.8 Response rates in tofacitinib clinical trials, (a) ACR50 response rates in tofacitinib clinical trials 
[22,23]. (b) Progression of joint damage. **P= 0.001; ***P< 0.0001 vs. placebo (unadjusted). ACR50, American 
College of Rheumatology 50% improvement criteria; BID, twice daily; DMARD, disease-modifying antirheumatic 
drug; LS, least squares; mTSS, modified total Sharpe score; MTX, methotrexate. 
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